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THE OCCURRENCE OF GASTRIC MUCOSA IN A CASE OF MECKEL’S 
DIVERTICULUM PRODUCING INTESTINAL OBSTRUCTION 


By Emit GorrscH 


(From the Departments of Surgery of The Peter Bent Brigham Hospital and The Harvard and Johns Hopkins Medical Schools) 


this gastric tissue in Meckel’s diverticulum with a view to 


The oecurrence in the human body of aberrant glandular 

tissue, at times in places far removed from the mother tissue, throwing further light upon the occurrence of aberrant glandu- 
is a subject not only of general medical interest and of special lar tissue at the umbilicus and in the remains of the omphalo- 
interest to the embryologist, but also attracts the attention of mesenteric duct, as reported in the literature. 

the pathologist and surgeon, who frequently meet with abnor- The case, Hospital No. 623, is that of a well-developed, 
malities arising from such aberrant tissue. The purpose of single young man, 19 years of age, and caterer by occupation. 
this report is to record such an instance occurring in an inter- He was born in Ireland and came to America four years pre- 
esting case of partial obstruction caused by Meckel’s diverticu- vious to his entrance into the Peter Bent Brigham Hospital 
lum in which, at operation, a striking variation was discovered on August 26, 1913. He was admitted into the surgical clinic 
in the mucous membrane of the distal half of the diverticulum. of Prof. Harvey Cushing, to whom I am indebted for the privi- 
This area of mucous membrane at the tip of Meckel’s diverticu- lege of reporting this case. The young man complained of 
lum was differentiated strikingly from the proximal mucosa pain in the abdomen and vomiting. No information was ob- 
by a sharp line of demarcation and by a difference in color, tained in regard to his family or past history which had any 
surface character and in thickness. On subsequent sectioning, bearing on his present trouble except for the fact that six 
this area of mucosa proved to be of the precise character of years previously, while he was in Ireland, he was operated 
gastric (fundus) mucosa, containing the typical gastric glands upon for what he called a stomach abscess. The details of the 
(foveole gastrice) composed of the two distinctive types of condition for which he was operated upon he was unable to 
cells, the parietal and chief, each of which presented their char- give. At that time the abdomen was explored at a point just 
acteristics of morphology and of staining reaction. It is de- below the umbilicus and drainage instituted. The abscess 
sired further to explain the probable embryological origin of healed in a few weeks and the patient made a complete recov- 
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ery. Excepi for this experience he had enjoyed exceptionally 
good health. 

Without going into the details of his present illness suffice 
it to say that his symptoms began with headache 48 hours 
before admission to the hospital and were followed in about 
36 hours by severe cramps in the abdomen, especially in the 
lower half and toward the right side. The day before coming 
to the hospital he suffered severely with vomiting and retching, 
the vomitus containing large quantities of bile. These symp- 
toms persisted up to the time he came into the hospital. His 
appetite was poor during the two days of his illness, and his 
bowels moved once on the day previous to admission. During 
this same day the patient had a definite fever. 

On admission to the hospital he appeared very ill. Asa 
consequence of his excessive vomiting and retching his mouth 
was exceedingly dry, his tongue red and “ beefy ” and there 
was some bleeding of the gums. His temperature was 101.2°, 
pulse 92 to the minute and his leucocytes numbered 15,000 
pere.mm. Examination of the abdomen showed no discernible 
irregularities, nor were any peristaltic waves seen. There was 
some fullness present, especially in the lower half. Respira- 
tion was entirely costal in type. There was no marked general 
muscular rigidity, although there was increased tension of the 
abdominal muscles over the lower half of the abdomen. On 
deep palpation over McBurney’s point slight tenderness could 
be elicited. Elsewhere there was no abnormal tenderness. On 
percussion, dulness could be demonstrated in the right lower 
abdomen and in the flanks. This dulness shifted with change 
of position of the patient and gave a splashing sound when the 
overlying abdominal wall was tapped whi'e pressure was made 
in the flanks. There was evidence, then, of free fluid in the 
peritoneal cavity. The upper abdomen was markedly tympa- 
nitic. The evidence of former operation was present in an 
irregular scar just below the umbilicus, measuring about 1.5 
em. in transverse and 2 em. in vertical diameter. Rectal ex- 
amination revealed nothing abnormal. Without entering into 
further details of the examination it may be stated simply that 
the diagnosis appeared to be either intestinal obstruction or 
acute appendicitis with perforation. As the patient’s gen- 
eral condition demanded immediate operation, abdominal ex- 
ploration was advised and readily consented to. 

The operation, done about one hour after the patient entered 
the hospital, was carried out through a right rectus incision. 
In the peritoneal cavity there was present a fairly large amount 
of free, serous fluid. Several moderately distended reddish- 
looking loops of small bowel were seen and also some collapsed 
grayish loops. Exploration was first made in the region of the 
appendix. Numerous adhesions resulting from the former 
abscess and operation had to be carefully separated. After 
considerable difficulty the appendix, which was coiled back 
on itself in U-shaped fashion and firmly adherent in the right 
iliae fossa, was freed and brought into view. It was unusually 
long, measuring 17-18 cm. in length, of uniform thickness and 
of fibrous consistency. There was evidence of a moderate 
chronic inflammation in this region; the appendix, however, 
was not acutely inflamed. Appendectomy was done. The 


condition of the appendix, I felt, could not be held responsible 
for the patient’s present condition and further exploration 
ras made. At once a collapsed small intestine was seen low 
in the abdomen and pelvis, while numerous overlying, reddish, 
distended loops of small bowel were seen coming from above. 
After further search it was found that the division between 
distended and collapsed bowel was sharply demarcated by a 
thick, firm, pinkish-white cord, measuring 1.5 cm. in thickness 
and 6-7 em. in length, attached at the distal end to the abdom- 
inal wall by means of adherent omentum at a point just below 
the umbilicus and connected at the proximal end with the 
terminal ileum at a distance proximal to the ileocecal valve, 
common for Meckel’s diverticulum (cf. schematic drawing, 
Fig. 1). Over this cord the loops of small intestine were 
draped like clothes on a line and had become obstructed. The 
distal end or tip of the diverticulum was attached to the 
abdominal wall at the site of the former abscess and opera- 
tion. Without great difficulty, the distal end together with the 
adherent omentum was dissected free from the abdominal 
yall and the base of the diverticulum at its attachment to the 
ileum amputated and treated in the manner of an appendec- 
tomy. Further rapid search revealed no other abnormal find- 
ings, such as infection or seriously damaged loops of small 
intestine, whereupon closure of the abdominal wound was made 
without drainage. There were no disturbing symptoms follow- 
ing the operation and the patient made a rapid, complete 
recovery. 

In view of the findings at operation it seems likely that the 
abdominal abscess for which the patient was operated upon 
six years previously had its origin in a perforation at the tip 
of Meckel’s diverticulum and that simple drainage of the 
abscess was done through a small incision just below the 
umbilicus, following which the abscess healed. The possible 
cause of the perforation will be considered later. 

Upon further examination it was found that the diverticu- 
lum had a large lumen which at the point of attachment to 
the ileum measured about three-fourths of a centimeter in 
diameter. It did not have the appearance of acute inflamma- 
tion. The diverticulum was then slit open in a longitudinal 
direction, whereupon a striking appearance was presented by 
the mucous membrane. The proximal three-fourths of the 
mucosa had a rather smooth, rolling, slightly folded surface. 
It was pale-pinkish in color and resembled in this respect the 
mucosa of the terminal ileum or first portion of the large 
bowel. The distal one-fourth of the mucosa was considerably 
thicker and was elevated above the surface of the proximal 
mucosa from which it was separated by a sharp line of tran- 
sition. It had, furthermore, a sharp differentiation in color, 
in that it was of a deep red, cherry hue and its surface was 
thrown up into large folds, the surface of which again was 
irregular and granular in appearance. (Cf. drawing, Fig. 2, 
g. m.) There was a marked difference also in the thickness 
of the diverticular wall which, in its proximal portion, was 
of the thickness of the terminal ileum, while at the tip it 
was three to four times as thick as the latter. The muscular 
coat, on the whole, was rather thin, and externally there was a 
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Fig. 1.—-Meckel’s diverticulum, with 


adherent omentum, attached to the an 7 
terior abdominal wall at a point just q 
below the umbilicus. (Schematic. ) 
The chronic fibrous adhesions resulted 
from old abscess formation and subse 
quent operation. 
Fic, 2.—Meckel’s diverticulum opened longitudinally and show- 
ing the thinner proximal mucosa (i. m.) resembling ileum in gross 
appearance, and the thicker distal zone of irregular, granular 
uppearing gastric mucosa (¢ m.) Between these two zones is a 
sharp line of transition (7.). At O is shown a mass of adherent 
omentum, (Natural size.) 
i 
7 


Fig. 3.—Low-power photomicrograph ( 24) of a section taken from the diverticulum in a longitudinal direction so as to include both 
the proximal and the distal types of mucosa at the transition zone (Pig. 2, 7). (Thickness 5 micra, Hematoxylin-eosin stain.) The pho 
tograph shows the striking difference in thickness between the distal gastric mucosa on the right and the proximal intestinal mucosa on the oe ° 8 
left in the drawing (Fig. 2). Only a small portion of the muscular coat is shown, The great abundance, tortuosity and depth of the . 
glands in the gastric mucosa are also shown. 
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serous peritoneal covering continuous with the serosa of the 
small bowel itself. At the tip there was a mass of adherent, 
corrugated-looking omentum which had probably become ad- 
herent there at the time of the former abscess and operation. 
Further examination at the time revealed no perforation nor 
evident defect in the mucosa at the tip of the diverticulum. 
The whole specimen was placed in 10 per cent formalin for 
subsequent study. 

Frozen sections were made of the wall of the diverticulum 
so as to include the transition line (cf. photomicrograph, 
Fig. 3) between the two types of mucous membrane and were 
then stained in hematoxylin and eosin. The proximal, thinner, 
mucosa (similar to that seen on the left in Fig. 3) resembled 
in structure that of the duodenum, or in many respects also 
the ascending and transverse colon; whereas in the thicker, 
more irregular, distal mucosa (on the right in Fig. 3), at the 
tip there were seen deep glands which resembled in structure 
the fundus glands of the stomach and which were composed of 
two types of cells—the larger, less numerous, bright-red-stain- 
ing eosinophilic parietal cells and the more numerous, smaller, 
indifferent-staining chief cells. In order to study in greater 
detail the two types of mucosa, paraffin sections were prepared. 
Several additional staining methods were used, namely, cresy- 
lecht-violett, the iron-hematoxylin method, the acid fuchsin 
and the neutral gentian methods as recommended by Bensley 
and the mucicarmine method for the demonstration of mucus 
in the goblet cells and in the distal goblet zone in the surface 
columnar cells of the gastric mucosa. 


I, STRUCTURE OF THE Mucosa PROXIMAL TO THE TRANSITION 
Point (7) (cf. Fia@s. 2 anp 3) 

Sections were made at the line of demarcation or tran- 
sition between the two adjoining types of mucosa. Fig. 3 
represents a low-power photograph of an ordinary section 
stained in hematoxylin and eosin and magnified 24 diameters. 
The photograph shows the sudden transition from the thinner 
proximal mucosa, on the left in the photograph, to the thicker, 
more irregular, distal mucosa on the right. The striking differ- 
ence in the relative thickness of the two mucous membranes 
is well shown. A section.of the proximal mucosa on the left 
when observed under the higher power and after staining in 
cresylecht-violett is seen to consist of a propria containing 
simple, unbranched, comparatively shallow tubular glands 
(cf. drawing, Fig. 4, of a similar section after iron-hema- 
toxylin). The mucous membrane has an irregular surface 
and forms papillary outgrowths between the openings or 
crypts of the glands. The lining epithelium is almost uni- 
formly of the tall columnar variety, containing numerous 
goblet, mucous cells throughout the extent of the mucous 
membrane. These goblet cells in the neck and depth of the 
glands are so numerous as to form in places the majority of 
the cells lining the tubules. Here and there between the swol- 
len goblet cells are seen thin, tall, irregularly compressed, 
columnar cells—probably discharged goblet cells. Their pro- 
toplasm is compact, non-granular and more deeply stained. 
The cells on-the surface are of a low columnar, in places almost 


cubical, type, with fewer goblet mucous cells than elsewhere 
in the glands. In sections doubly stained in iron-alum-hema- 
toxylin followed by mucicarmine (the strong stock solution 
of Mayer), as recommended by Bensley,’ the goblet cells con- 
trast strikingly on account of the bright red stain which their 
irregular, stringy or spongy contents take, showing thus the 
mucous character of the secretion of these cells. After stain- 
ing in cresylecht-violett the mucous takes on a faintly purple 
tint as compared with the remainder of the cell. Near the 
center of the cell is a denser, more deeply bluish stained zone 
of cytoplasm separating the mucous section of the cell from 
the basal protoplasmic portion. The nuclei are large, rounded 
or oval, fairly clear and basally placed. They contain a mod- 
erate amount of chromatin and have each a densely stained 
purple nucleolus. Many of the nuclei, however, are elongated 
and flattened, due to pressure from adjoining cells; in the 
smaller cells they are basally placed, while in the discharged 
cells they have a more central location. The protoplasm of 
those cells lying between the goblet cells does not contain 
secretion granules, 

Many of these appearances are seen as well in the sections 
stained after the iron-alum-hematoxylin method. Thus in the 
drawing (Fig. 4) the goblet cells appear unstained, being 
represented as clear spaces. ‘There are no true villi of the 
small intestine type. In studying the section further in the oil 
immersion we find that the cells on the surface have a kind of 
striated cuticular border. The nuclei of the cells, which ap- 
parently rest upon a definite basement membrane, have the 
same character as those just described in the preceding para- 
graph. The protoplasm of the tall columnar cells between the 
goblet cells fails to show any granules which one would con- 
sider as the antecedents of ferment secretion. 

The propria (Fig. 4) is a loose tissue, containing numerous 
small blood-vessels and lymphatics, lymphoid cells and con- 
nective-tissue cells. In it are also a few smooth muscle 
fibers from the L. muscularis muscose running upwards into 
the mucous membrane prolongations. In one area there is a 
definite aggregation of lymphoid tissue with a germinating 
center ; in fact, a lymphoid follicle with an outer denser zone 
of small round cells in the center of which appears a clearer 
zone with larger cells and richer reticulum. Lymphoid tissue 
of this kind is seen also in the sections taken from this proxi- 
mal portion of the mucosa. 

The submucosa consists of a layer of loose connective tissue 
which contains blood-vessels and above which lies the L. mus- 
cularis mucose (Fig. 4). Externally to this again there 
appears a thick tunica muscularis, consisting of a thick inner 
circular and an outer longitudinal layer, between which there 
lies a plexus of nerve tissue. A small portion only of this 
muscle coat appears in the lower right-hand corner of the 
drawing (Fig. 4). 

Additional sections including both types of mucosa were 
made of the transition zone (7', Fig. 2) and stained in hema- 
toxylin and eosin, cresylecht-violett, iron-alum-hematoxylin 
and in mucicarmine. In the mucosa just distal to the tran- 
sition line (on the right in Fig. 3) the following changes 
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occur: The proximal duodenal or perhaps transverse-colon 
type of mucosa rather suddenly changes into a kind of transi- 
tional surface epithelium, consisting of two or more irregular 
cell rows and two different types of cells. The majority of 
these cells are of a taller type than those lining the intestinal 
mucosa, and the nuclei, which are irregularly oval or rounded, 
are more centrally placed and stain in hematoxylin a diffuse 
bluish-purple in which a darker purple centrosome is usually 
evident. These cells are often flattened and compressed, cylin- 
drical, fusiform or dumb-bell shaped. Each surface cell has a 
marginal cuticular border and a distal clearer zone separated 
from the more proximal protoplasmic portion of the cell by ¢ 
transverse denser cytoplasmic band. In the cresylecht-violett 
stain the distal clearer zone just described has a rather homo- 
geneous structure and stains a very pale blue, as distinct from 
the denser blue proximal protoplasm. The nuclei stain a pale 
violet. In the mucicarmine the distal zone in many instances 
is stained bright red, showing the presence of mucus, In 
neither the cresylecht-violett nor in the iron-alum-hematoxy- 
lin stained sections are any secretion granules apparent in 
these surface cells. 

‘I'he cells of the second type in the surface mucosa are 
usually more deeply situated. These cells are rounded or 
hexagonal in shape and have a comparatively clear protoplasm. 
The nuclei are irregularly rounded or oval and deeply stained. 

The propria is rich in lymphoid cells, blood capillaries and 
connective-tissue cells. Numerous mast-cells, so frequently 
seen in the normal stomach mucosa, are seen here also, and in 
their cytoplasm the characteristic large red granules, after 
staining in cresylecht-violett, can be recognized. 

Numerous crypts or tubular prolongations are seen dipping 
down from the surface into the propria. These glands are 
highly tortuous, especially in their depths, and are lined by 
two kinds of cells. The majority of them, the chief cells, to 
use the terminology as applied to the gastric fundus mucosa, 
are low columnar or cuboidal in shape, with a darker-staining 
basal zone of protoplasm which has a slightly granular appear- 
ance. The lumen border of each cell is relatively clearer and 
the nucleus is rather large, irregularly rounded or oval, and 
basally placed. These cells after staining in cresylecht- 
violett are pale blue, with violet nuclei and bluish nucleoli. 
Secretion granules do not appear in this stain, but after the 
iron-alum-hematoxylin method, great numbers of black-stained 
zymogen secretion granules are seen, such as one finds typically 
in the chief cells of the gastric mucous membrane. A more 
detailed description of these cells is given later. 

The cells of the second type found in these glands are con- 
siderably larger than the chief cell just mentioned. They 
do not, as a rule, touch the lumen of the tubule, as they have 
a parietal situation and frequently lie between or upon the chief 
cells just mentioned. In the hematoxylin-eosin preparation 
a cell of this type stains light red or pink in the eosin, as dis- 
tinct from the chief cell. It has, further, a distinct cell defi- 
nition and a round, usually centrally placed nucleus, rich in 
chromatin. Uniformly distributed in its protoplasm can be 
seen rather large, highly refractile, practically unstained 


granules, suggesting in every way the appearance in the 
typical parietal cell of the stomach. In the cresylecht-violett 
these parietal cells contrast clearly with the chief cells by 
staining a faint pinkish-blue, while the latter are darker 
especially in their basal portions, which are dark blue. The 
secretion granules in such a preparation are of a violet color. 
The nuclei are well defined, large and vesicular, and contain 
relatively little chromatin. Many of the parietal cells are seen 
to communicate with the lumina of the tubules by a cleft be- 
tween the neighboring chief cells. In the iron-alum-hematoxy- 
lin the parietal) cells are clearly shown, and in their cytoplasm 
the secretion granules are seen to be uniformly distributed and 
stained black. Except for the columnar cells on or near the sur- 
face, the mucicarmine fails to show the presence of any mucus- 
secreting cells in the neck, body or depths of the tubules. A 
further description of these glands as they occur in a section 
just beyond the transition line is given below (cf. Fig. 5). In 
the neck and body of a gland tubule the parietal cells are 
almost as numerous as the chief cells, while in the depths of 
the glands the smaller chief cells become more abundant. The 
appearance throughout in fact is that of gastric fundus mu- 
cosa, except perhaps for the greater tortuosity in the tubules 
than in the glands of the gastric fundus region (cf. Fig. 5). 

Just below the mucosa there is a well-developed L. muscu- 
laris mucose, which at one point just beyond the transition 
line runs upwards, as a papilla or indentation, into the mucous 
membrane and thereby suggests, together with the thickening 
in the outer muscle coat, the formation of a sphincter. Just 
beyond this point, furthermore, the mucous membrane assumes 
the exact appearance of the fundus mucous membrane and will 
be described in greater detail later. 

The submucosa consists of a loose connective-tissue frame- 
work containing blood-vessels in great abundance. 

The outer muscle coat is thick, and composed of muscle 
bundles, not in two definite layers as-in the proximal intesti- 
nal portion of the section, but running in all directions and 
intertwining with one another. Numerous nerve fibers can 
be seen in the outer connective-tissue coat below the parietal 
covering and also between the muscle bundles. Here also 
scattered ganglion cells are seen. 


II. Gasrric FuNpus Mucosa From a Point Just 
DistaL TO THE TRANSITION LINE DESCRIBED 
ABOVE (Fig. 5) 

At a short distance beyond the transition line between the 
two types of mucosa the glands of a typical gastric fundus 
type just described for the transition zone are seen in great 
numbers. A more detailed description may here be given of 
the glands as revealed after staining with hematoxylin, cresy- 
lecht-violett, iron-alum-hematoxylin, mugicarmine, neutral 
gentian and acid fuchsin-methyl-green. The appearance as 
revealed in the high-power magnification and in oil immersion 
need only be given here. Many of the findings in repetition 
of those described as occurring at the transition point are 
either omitted or only briefly mentioned. The drawing (Fig. 
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Fig, 5.--Drawing of moderately mag- 
nified seetion 75) (5 micra_ thick- 
ness, iron-hematoxylin method) taken 
from the distal mucosa at a point just 
beyond the transition zone. Note the 
typical characters of gastric fundus 
mucosa, the tall surface columnar cells 
at (4), and the two characteristic types 
of cells, the chief and parietal, in the 
neck (B), body (C) and base (D) of 
the deep tortuous gland. 


Fig. 4.—Drawing of moderately low-power section ( 75) taken 
from a point in the mucosa just proximal to the transition line 
(Fig. 2, T) (5 micra thickness, iron-hematoxylin). Except for the 
ab ence of Brunner’s glands, there are many points of resemblance in 
this section with the normal appearances of the duodenum, Note the 
simple type of non-zymogenic lining epithelium, the numerous goblet 
cells, the lymph follicle, the simple tubular glands, and the well 
developed L. muscularis mucosa, 


PLATE XX 
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Fic. 6.—Drawings of squared 
areas (A, B, C, D, Fig. 5) after 
high-power oil-immersion magnifi 
cation, to show the cytological 
characters of the cells comprising 
the gland tubule. Note the tall 
surface, columnar, non-zymogenic 
cells, (A) the large relatively clear 
parietal cells containing moderate 
numbers of large, black-staining, 
acidophilic granules, and the more 
numerous, smaller, darker chief 
cells containing large numbers of 
black-staining, zymogenic granules 
aggregated along the lumen bor- 
ders of the cells (2B, C, D). 
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5) illustrates the appearance of a typical gland in moderate 
magnification, after iron-alum-hematoxylin staining. Four 
areas squared in this lower power drawing (Fig. 5, A, B, C, D) 
are represented as seen in high-power oil immersion magnifi- 
cation (Fig. 6, A, B, C, D). 

Surface Epithelium.—Numerous crypts or depressions 
found in the mucous membrane resembling the typical gas- 
tric crypts represent the openings or communications through 
which the more deeply situated glands discharge their secre- 
tion into the lumen of the diverticulum. These crypts are 
lined by epithelium of the surface type, composed of tall, 
cylindrical cells in a single row or layer (Figs. 5 and 6, A). 
The large nucleus of each cell with a well-marked nucleolus is 
round or oval in shape and is usually centrally placed, but often 
is found above or below the center of the cell. It stains fairly 
densely by all methods, due to a fair abundance of chromatin. 
The protoplasm of these cells takes a pale blue stain in the 
cresylecht-violett and a gray in the hematoxylin and has a 
spongy structure. Secretion granules are not seen in the pro- 
toplasm. In the distal one-fourth of many of the cells there is 
a clearer zone, in places grossly granular in appearance, having 
a cup shape and separated from the remainder of the cell pro- 
toplasm by a transverse cytoplasmic band. This is the mucus- 
containing end or zone of the cell, which is not, however, a true 
goblet cell. True types of the latter were not seen at all in 
sections from this area. In the cresylecht-violett this mucus 
stains a pale blue and after mucicarmine a few of the cells 
on the surface showed this cup-shaped end, or theca, red 
stained and either grossly granular or stringy in structure. 
Just below the surface in the crypts the mucus-containing 
cells are more numerous than on the surface where they are 
very few in number. Many of the cells have, furthermore, 
an outer cuticular border. 

Glands of the Gastric Fundus Type.—( Figs. 5 and 6, B, 
C, D.) Into the depths of the crypts empty the secreting 
glands, one or two, occasionally more, tubules to each crypt. 
These glands are of the simple tubular variety and occasionally 
branched. The necks of the glands are quite straight, but in 
the depths the glands are usually tortuous or convoluted, as 
indicated by the numerous tubules seen in cross-section in the 
deeper zone of the mucosa. The glands are in close contact 
with one another, with almost no intervening tissue of any 
kind. The propria forms the groundwork or supporting tis- 
sue for the glands, surrounds them everywhere and extends 
upward to the surface epithelium. Under the surface epithe- 
lium the propria contains a great many lymphoid cells uni- 
formly and diffusely scattered and fairly abundant. These 
lymphoid cells, together with numbers of mast-cells, a blood 
capillary network and some slips from the LZ. muscularis mu- 
cose are also seen extending from the level of the latter 
upwards between the glands to the surface epithelium. A 
typical gland may be divided into three portions: the neck 
(Fig. 5, B), the body (Fig. 5, C) and the depth or base of the 
gland (Fig. 5, D). The neck of the gland consists of a rather 
straight tube with a very narrow lumen, lined by two types of 
cells. The first type is smaller, low columnar or almost cubi- 


cal in shape and stains bluish in hematoxylin, with a darker 
basal zone and a clearer zone bordering on the lumen and con- 
taining numerous rather large, black-staining secretion 
granules. After the neutral gentian technique (Fig. 7) these 
same cells are stained a violet, especially in the basal portion, 
and the secretion granules along the lumen border of the cell 
now stain a dark violet. In the acid fuchsin-methyl-green 
method (Fig. 8) these granules are faintly green or unstained. 
These are the characteristic chief cells as seen typically in 
the gastric fundus mucosa. 

The second type of cell is larger, is irregularly rounded or 
oval, borders on the lumen or is slightly removed from it and 
covered in part by the neighboring chief cells. This cell is 
clearer, the protoplasm is stained uniformly pinkish in eosin, 
pale blue in cresylecht-violett, grayish in iron-hwmatoxylin, 
faintly orange in neutral gentian (Fig. 7) and red in the acid 
fuchsin-methyl-green method (Fig. 8). Scattered uniformly 
through the protoplasm are definite, large, discrete secretion 
granules, black in the iron-hematoxylin (Fig. 6, B, C, D), 
faintly orange in the neutral gentian (Fig. 7) and red in the 
acid fuchsin methods (Fig. 8). The nuclei are large and 
vesicular, with relatively little chromatin, are centrally placed 
and contain a well-marked nucleolus. The cell outlines are 
sharp. These are the parietal cells, the second characteristic 
cell of the fundus mucosa of the stomach. The neutral gentian 
(a neutral combination of the acid orange G and the basic 
gentian violet) and the acid fuchsin-methyl-green methods 
were employed to demonstrate the specific staining affinities of 
the cells and granules of these fundus glands, to add additional 
evidence to that obtained from the iron-hematoxylin method, 
that we are dealing with specific secreting gland cells of the 
true gastric fundus type. The zymogenic secretion granules 
of the chief cells, having a peculiar affinity for the gentian 
violet in the neutral gentian stain, are seen colored a dark 
violet, while the acidophilic granules of the parietal cells have 
a relatively slight affinity for the orange G and hence appear 
faintly orange. In the acid fuchsin-methyl-green method, 
the conditions are just reversed, for which reason this method 
was employed. We now find that the acidophilic granules of 
the parietal cells stain a brilliant red in the acid fuchsin, 
whereas the zymogenic secretion granules of the chief cells are 
faintly or not at all stained in the methyl-green. The absence 
of mitochondria, so well demonstrated after osmic-bichro- 
mate fixation of the tissue and staining after the acid fuchsin- 
methyl-green method, is doubtless explainable by the fact 
that the tissue in this case had remained for a long period of 
time in 10 per cent formalin. It would have been interesting 
to study the mitochondria in this tissue as well as the secretion 
granules, had it been possible to fix some of the original fresh 
tissue in some other fixing fluids, such as the well-known 
acetic-osmic-bichromate mixture. The findings described 
above are well illustrated in the beautiful drawings in color 
(Figs. 7 and 8) by Miss E. Norris. 

Body and Depth of the Gland.—As one observes the gland 
tubules at greater depths one finds that the same two types of 
cells are found as described in the neck of the gland tubule. 
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Here, however, the larger or parietal cell has a truly parietal 
situation, that it lies removed from the lumen at the periph- 
ery of the tubules and communicates with the lumen of the 
tubules by a cleft between the chief cells. It also occurs 
oftener. The chief cells show the same characteristics de- 
scribed above. At the base of the cells and forming a kind of 


basement membrane, the membrana propria is evident. Secre- 


tion canaliculi in the parietal cells were not definitely seen, 
due probably to faulty fixation. We have here, then, a type of 
mucous membrane resembling in every particular, both as to 
structure and staining affinities, the characteristics of the 
fundus mucous membrane of the stomach. 

A well-developed L. muscularis mucose is seen, which here 
and there sends off small, thin prolongations into the overlying 
propria and between the glands. The submucosa has the usual 
structure of this layer in the intestinal tract. 

The tunica muscularis is thick and composed of smooth 
muscle fibers intertwining with one another in various direc- 
tions and not definitely demarcated into an outer and inner 
layer of longitudinal and circular direction. No definite nerve 
plexuses were recognized. 


III. Section TAKEN From ProxIMAL Part oF MECKEL’S 
DIVERTICULUM 


The structure of the mucous membrane and wall of the 
diverticulum near to its intestinal attachment does not differ 
in any important detail from that described above as occurring 
just proximal to the line of transition (Fig. 4). It was 
thought that possibly the principal type of mucous membrane, 
that resembling transverse colon in structure, would assume 
at the proximal end of the diverticulum the character of ileal 
mucosa. This is not the case however, for the mucous mem- 
brane still resembles that of the transverse colon.as described 
above. There is this difference, however: the mucous mem- 
brane is slightly thinner, the folds or plice are lower and there 
is less lymphoid tissue, both diffuse and in the form of fol- 
licles. There are more nerve fibers occurring in the sub- 
mucosa, the tunica muscularis is thicker and more sharply 
demarcated into an inner circular and an outer longitudinal 
muscle coat, between which there are more nerve fibers recog- 
nizable. Inasmuch as the other findings are similar to those 
occurring more distally (Fig. 4), a further description need 
not be given here. 

Thus, positive evidence has been advanced by the methods 
of finer cytological study, that the zone of aberrant glandular 
tissue in the tip of Meckel’s diverticulum is identical in every 
respect with gastric fundus mucosa. It was thought desirable 
to make this detailed study of the histological character of this 
anomalous Meckel’s diverticulum for three reasons: In the 
first place, to establish definitely the fact that we are dealing 
with a zone of aberrant, but typical, gastric mucosa. This 
was necessary in view of several reported cases of a somewhat 
similar nature in which the anomalous or aberrant tissue 
occurred at the umbilicus and was said to give the appearance 
of pyloric or simply gastric mucosa, although no histological 
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examination is reported. For purposes of argument in the ex- 
planation of these anomalies it was first of all necessary to 
advance definite proof that we were dealing with real gastric 
mucosa. This having been done I feel I have advanced good 
reasons for believing that the anomalous and aberrant glandu- 
lar tissues occurring at the umbilicus, in obliterated vitelline 
cords, and, as in my own case, in Meckel’s diverticulum, have a 
common origin, namely, from the remains of the omphalomes- 
enteric duct. Cases in which pancreatic acini and Lieberkiihn’s 
and Brunner’s glands have occurred in Meckel’s diverticulum 
have been reported and are given below. Undoubted cases of 
gastric mucosa, of pancreas and of Lieberkiihn’s and Brunner’s 
glandular tissue, occurring at the umbilicus in the form of 
polyps, depressions or fistula, have been reported. Several 
cases are reviewed below in which such aberrant glandular 
tissue occurred in instances cf umbilical fistula which were 
connected with Meckel’s diverticulum by a strand or cord. 
In one or two instances a patent Meckel’s diverticulum con- 
nected with the umbilicus at which such glandular tissue was 
found. If we are forced to believe that certain fistule at the 
umbilicus, fibrous cords connecting with Meckel’s diverticu- 
lum, and the latter itself represent the remains of the vitel- 
line or omphalomesenteric duct, then it would naturally follow 
that all these anomalous glandular tissues have a common 
origin. With the discovery of gastric mucosa in Meckel’s 
diverticulum, the chain of evidence of the common origin of 
these tissues is complete. Additional evidence is then afforded 
for believing that the umbilical anomalies arise from the 
omphalomesenteric duct, inasmuch as we know that Meckel’s 
diverticulum represents the remains of the latter structure. 
A plausible explanation of the embryonic origin of these um- 
bilical anomalies is thus afforded, a fact which is highly 
desirable in view of the many conflicting explanations with 
regard to the latter which have been advanced by authors 
writing on this subject. In the second place, it is interesting 
to speculate upon the manner in which true gastric mucosa 
comes to lie in Meckel’s diverticulum, so far removed from the 
mother organ; and in the third place, inflammations, ulcera- 
tions, and certain pathological new growths occurring at the 
umbilicus and in Meckel’s diverticulum receive a rational 
explanation on an embryological basis. 

In reviewing the literature in search for accounts of the 
occurrence of gastric mucosa elsewhere than in its normal 
location, I have found Chapter VII, pp. 144-158, of Dr. T. 8S. 
Cullen’s ‘ excellent book on “ The Umbilicus and Its Diseases ” 
most helpful. A complete review is given in this chapter of the 
reported cases of gastric mucosa occurring at the umbilicus.* 
In the brief account here to be given I have drawn freely from 


* The occurrence of intestinal mucosa at the umbilicus, in the 
form of polypoid growths, with or without depressions or fistule, 
is relatively common as compared with the frequency with which 
gastric mucosa has been found in the same region. For a good 
review of the cases of umbilical polyps composed of intestinal 
mucosa the reader is referred to Cullen: “The Umbilicus and Its 
Diseases,” Chapter VI, pp. 120-143. A complete bibliography on 
this subject is also given at the end of the chapter. 
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Fig. 7.—Drawing of a gland tubule (5 micra, neutral 
gentian stain, oil immersion) from the tip of Meckel’s 
diverticulum, corresponding to the area represented in 
Figs. 5 and 6, C and D, to show the complete similarity 
in structure and staining affinity with the appearances 
typically seen in gastric fundus mucosa, Note (1) the 
chief cells with their zymogenic secretion granules along 
the lumen border of the cells stained in the violet; and 
(2) the parietal cells, larger and clearer and with large, 
faintly orange-stained granules scattered diffusely through- 
out the cytoplasm. 


Fie. &.— Drawing of the gland tubules in cross-section 
(formalin, 5 micra thickness, acid-fuchsin-methyl-green 
stain, oil immersion) from the same area as represented 
in Fig. 7. The chief cells are now seen stained a faint 
green and the zymogenic secretion granules are hardly 
visible. The parietal cells, however, show their great 
affinity for the acid fuchsin, and the large granules which 
they contain are stained a brilliant red Note also an 
occasional mast-cell in the inter-tubular connective tissue. 
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this review. Cullen (p. 145) classifies the umbilical abnor- 
malities in which gastric mucosa was found into three types, 
thus, for example: 

I. An umbilical polyp attached to the umbilical depression 
by a short pedicle. 

II. An umbilical polyp with a cystic cavity opening on the 
surface of the polyp. 

III. An umbilical fistula with or without a small projection. 
Fig. 9 will serve to illustrate the second type. 

I. A most interesting example of the first type was described 
by Tillmanns™ in 1882. In a boy, 13 years of age, there was 
found at the umbilicus a pedunculated tumor, the size of a 
walnut, bright red in color, without a central opening and 
covered with mucosa. After a meal had been eaten, the tumor 
would swell perceptibly, while the mucosa became redder and 
thicker. The secretion on the surface of the polyp had a 
tenacious mucoid character. Whenever the tumor was irri- 
tated the flow of secretion was increased so that at such times 


Fic. 9.—A long umbilical polyp with a central fistulous open sing 
a remnant of the omphalomesenteric duct. ag my after - 
len, p. 156.) This is an unusual type, the polyp —e shorter and 
more sessile. A few instances are reported in which the lining 
mucosa was shown to be of gastric character. There is no connection 
between the umbilical polyp and the small intestine in this type of 


polyp. 

2 to 3 c. c. of fluid could be collected in 15 minutes. The 
secretion was acid in reaction, digested albumen, and upon 
chemical examination was found to resemble normal gastric 
juice. Upon microscopic examination by Weigert the mucosa 
was found to have a structure similar to that of the pyloric 
region of the stomach. On account of its digestive action the 
secretion of the tumor had caused a maceration of the skin in 
the vicinity of the umbilicus. Histological examination of 
the mucosa of the tumor showed this to be similar in structure 
to pyloric mucous membrane. Tillmanns then explains the 
condition by showing schematically how a diverticulum of 
the stomach may be included in the umbilical cord as a pro- 
lapse of stomach wall through the umbilicus just as the ileum 
may do. This explanation will be considered again. No con- 
nection with the stomach or other organs was found. 

Although the literature upon this subject is scanty, a few 
subsequent reports of gastric mucosa occurring at the umbil- 
icus were found. Thus, umbilical polypi with a covering of 
gastric mucosa have been described by van Heukelom™ 
(1888), Reichard * (1898), Strada™ (1903), and Minelli” 
(1905). 

In van Heukelom’s case, a child two and one-half years of 
age, a tumor the size of a hickory-nut was found in the um- 
bilical depression. It was red in color and had a granular, 


moist surface and was attached by a thin pedicle. The latter 
was divided and the tumor removed. On microscopic exami- 
nation the tumor was seen to consist of an inner portion com- 
posed of muscle, connective tissue and vessels, and an outer 
portion or cortex 2 mm. in thickness and consisting of a 
mucous membrane with long gland tubules, some interstitial 
connective tissue and some lymphoid tissue at the base of the 
glands. The latter resembled intestinal glands of the Lieber- 
kiihn type. (Van Heukelom’s explanation for this finding is 
given below.) Van Heukelom refers to 12 cases of this kind 
reported in the literature, his own being the 13th case. He 
feels that there doubtless are many more which have been 
reported under the diagnosis of “ umbilical granuloma” and 
have not been examined further. Most of these granulomata 
when examined have been found to contain epithelium and 
glands of intestinal type. In these cases there is no mention 
made of gastric mucosa. 

In a further study of the occurrence of gastric mucosa at 
the umbilicus and with particular reference to Tillmanns’ case 
and his explanation of it, namely, that the gastric mucosa 
is derived from a gastric diverticulum, van Heukelom ex- 
amined a number of human fetuses with this point in view. 
In one of his fetus cases he found a nodule of mucous membrane 
at the tip of Meckel’s diverticulum constricted off from the 
lumen of the latter. On microscopic examination this nodule 
was found to resemble the pyloric mucous membrane of 
this same fetus. The epithelium was very regular, composed 
of long cylindrical cells with refractile protoplasm and basally 
situated nuclei. There were no goblet cells. The mucous 
membrane of the diverticulum, on the other hand, and of the 
ileum itself was of an entirely different character, namely, 
intestinal in type. Van Heukelom attempts to explain the 
origin of this heterotopic mucous membrane, a matter which 
we shall again consider. It is to be emphasized here that this 
piece of gastric mucosa was constricted off from the cavity of 
the diverticulum and in no way communicated with it. 

Reichard reports the case of a boy five years old who pre- 
sented a tumor, the size of a hickory-nut, in the umbilical 
region, which had a small fistulous opening and from which a 
clear fluid escaped. There had been a “ weeping navel ” since 
birth. At operation the umbilicus was circumscribed, the 
peritoneum was opened and a cystic, bluish, demarcated tumor 
was seen, from which a thin stalk ran upwards into the abdom- 
inal cavity. The stalk, which was very delicate and could not 
be followed, was divided. The tumor with the surrounding 
area of macerated skin was excised. Closure was made of the 
peritozeum and abdominal wall and the patient made a good 
recovery. 

The cavity of the tumor was lined with a mucous mem- 
brane which, when microscopically examined, was seen to 
resemble the gastric type. No further histological description 
is given and no statement is made as to whether it was clearly 
of pyloric or fundus character. Reichard is reminded of the 
case of Tillmanns, except that in his own case the condition 
had not gone on to evagination and prolapse of the tumor. 
He was inclined to believe in the theory of Tillmanns, namely, 
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that this mucous membrane is derived from a diverticulum 
of the stomach, and that due to the rotation and further 
development of the stomach there is a twisting and later 
obliteration of the cord of communication with the stomach. 
Siegenbeek van Heukelom, as we shall see, is opposed to this 
view. 

Strada reports the case of a young woman of 20 who had a 
tumor at the umbilicus covered with mucosa. On microscopic 
examination this mucosa was seen to consist of cylindrical 
epithelium and glands of the pyloric type. 

Minelli describes an adenoma occurring at the umbilicus 
presenting a picture of gastric adenoma. 

II. A case of the second type, namely, an umbilical polyp 
with a cystic cavity opening on the surface of the polyp, has 
been described by Roser ™ (1887) in a boy one and one-half 
years old. A bright red swelling was found at the umbilicus. 
Opening on the surface of this swelling, which, as stated, be- 
longs to the second type, was a cystic cavity 1 cm. in diameter. 
The case was very much like that reported by Tillmanns. The 
secretion from the umbilicus digested the surrounding skin 
area, was acid in reaction and was responsible for a consider- 
able induration and a red granulation-formation around the 
opening. The walls and mucous membrane of this cavity were 
excised. A secondary cauterization had to be done three weeks 
later ori account of incomplete removal. A detailed descrip- 
tion of the structure of the mucosa is not given, mention 
being simply made that the closely aggregated tubular glands, 
between which there was a good deal of muscle tissue, resem- 
bled in every way gastric mucosa. There is no mention made 
of a serosa nor as to whether the glands were of the fundus or 
the pyloric type. Roser was inclined to accept the explanation 
of Tillmanns for this occurrence, namely, that a portion of 
gastric mucosa had been constricted off from the pyloric region 
at a time when the stomach had a vertical position and the 
pylorus was supposed to be nearer the umbilicus. It is hardly 
necessary to state, as will be explained in further detail below, 
that this assumption does not suffice, for it is well known that 
the pylorus in infants and very young children is in no such 
proximity to the umbilicus, inasmuch as the large liver sepa- 
1ates the pylorus and the stomach from the anterior abdominal 
wall. 

III. Fistulous tracts occurring at the umbilicus and con- 
taining gastric mucosa have been described by von Rosthorn ™ 
(1889), Weber * (1898), Lindner ™ (1898), Lexer “ (1899) 
and Denucé* (1908). These belong to the third type of cases 
mentioned above. 

Von Rosthorn reports the case of a boy seven years old who 
had an umbilical fistula. Its presence was first recognized 
when the cord dropped off. After this a red papule formed 
which secreted watery fluid and into which a sound could be 
introduced for a distance of 2 cm. There was a continuous 
flow of this secretion which amounted to 5 ec. ec. in 24 hours. 
It was acid in reaction, slowly digested albumen and did not 
positively contain free hydrochloric acid. The fistula was 
excised and the patient was well in 10 days. 


On microscopic examination of the tissues from the depths 
of the tumor, gland lobules were found which reminded one 
of parotid gland, whereas the branched tubules resembled 
pyloric glands of the stomach. Von Rosthorn assumed that the 
acid reaction of the secretion was due to zymotic external 


influence which had altered the original alkaline reaction, 


Lieberkiihn’s glands were also found in the fistula. von Ros- 
thorn offers and accepts the explanation of Siegenbeek van 
Heukelom for the occurrence of his findings. 

In Weber’s case there was found in a boy three years old 
a small red tumor at the umbilicus from which a fistula 
led downwards for a short distance. From this fistula flowed 
a watery secretion which contained mucous shreds, but never 
intestinal or gastric contents. The secretion amounted to 
half a wineglassful in 24 hours. At meal times the secretion 
was increased and then often accompanied by a colicky pain. 
A digestion ulcer had formed around the fistulous opening at 
the umbilicus which was one-half of a centimeter in diameter. 
This secretion was alkaline to litmus. Weber felt that the 
secretion of the tumor was increased during digestion prob- 
ably by a reflex action through its nerve supply which he 
thought was doubtless the same as for the normal stomach, 
for, as we shall see, he felt that the tumor was derived from 
the stomach by a process of diverticulum-formation. This is 
in keeping with Tillmanns’ view. 

The fistulous tract with the surrounding macerated skin 
was excised. After the peritoneum was opened a thin cord was 
found leading from the inner end of the tract to the under 
surface of the liver, but without attachment to either stomach 
or intestine. A cystic bluish tumor was found at the um- 
bilicus. The stalk was divided, the tumor extirpated as men- 
tioned and closure was made, followed by recovery of the 
patient. 

The cavity of the tumor was lined with a thick mucosa 
which was of the pyloric type. The columnar surface epithe- 
lium was seen to dip down to form glands which were 
made up of only one kind of cells. There were no chief 
and parietal cells as in the fundus region and no goblet cells, 
no villi and no glands or follicles of the Lieberkiihn type. 
There was an L. muscularis mucose and outside of this a longi- 
tudinal and circular muscle coat and a thick serosa. Weber 
felt that from the gross and microscopic appearances it was 
safe to assume that he was dealing with normal stomach 
mucosa from the pyloric region. He felt, also, that the cord 
passing to the under surface of the liver represented the re- 
mains of the umbilical vein. Weber was inclined to the view 
of Tillmanns, that this fistula and tumor represented a portion 
of the diverticular stalk from the pyloric region and had 
become constricted off at the umbilicus. 

Lindner, in the discussion of a case of extirpation of a per- 
sistent ductus omphalomesentericus reported by Kérte in 
1898, reports a case of his own in which there was a small, 
reddish papule at the umbilicus in a boy three years old. For 
some weeks or even months there was a secretion from this fis- 
tula and around it there was a large area of digestion of the 
abdominal wall. A sound could be introduced into this fistula 
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for a short distance. At operation a tumor was found, the size 
of a walnut, behind the umbilicus, which connected in no way 
with the intestine. From the upper pole of the tumor there 
was a fine connective-tissue strand running to the under sur- 
face of the liver in the region of the incisura. There were no 
vessels palpable in this cord, which seemed to have no im- 
portance whatever. The tumor was excised and was found 
to be lined by mucous membrane of the pyloric type. Lindner 
states that cases of this kind are extremely rare and difficult 
of explanation. He refers to the cases reported by Tillmanns, 
but does not agree with Tillmanns’ explanation of their oc- 
currence. He states that there was no evidence in his case that 
the tumor ‘had any connection with a diverticulum or former 
prolapse of the stomach. Lindner did not attempt to explain 
the occurrence further. 

Lexer’s patient was a child one year old with a congenital 
umbilical fistula around which the skin was macerated. The 
fluid secreted by the fistula was clear, tenacious and acid in 
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Fie. 10. Persistence of the outer end of the omphalomesente 
duct in the form of an umbilical fistula attached to the small es 
by a fibrous cord. (Schematic, after Cullen, p. 156.) This is the 
type of remnant of the omphalomesenteric duct described by Lexer. 
In the latter’s case, however, there was a blind fistula at the umbi- 
licus leading downwards a short distance and also a fistulous tract 
leading from the small intestine through the fibrous cord or obliter- 
ated Meckel’s diverticulum. The two fistulous tracts, however, did 
not communicate. The outer umbilical fistula was lined by gastric 
mucosa and the inner or proximal fistula by intestinal mucosa. 


reaction and chemically resembled gastric juice, in that it 
readily digested egg albumen and fibrin. At operation the fis- 
tulous tract was found to have a cord of attachment, as thick as 
a lead pencil, to the convexity of the small bowel. The cord 
was amputated from the intestine and the fistulous tract 
excised. The child made a rapid recovery. The proximal or 
inner end of the cord, which was attached to the intes- 
tine, evidently represented Meckel’s diverticulum (Fig. 10). 
The extirpated fistulous tract had a rather wide opening at 
the umbilicus and also at the intestinal end, although it was 
not completely patent throughout its whole extent. The ex- 
ternal fistula was one and one-half centimeters in depth. The 
specimen was thus divided into two parts. The proximal 
larger section, which communicated freely with the bowel, 
had a mucous membrane very similar to that of the intestine 
and of the type generally found in Meckel’s diverticulum. 
Lieberkiihn’s glands with numerous goblet cells and individual 
lymph follicles characterized this mucosa. In the original, a 
plate of a low-power drawing is shown of the histological ap- 
pearance which resembles my own case, the mucous membrane 
appearing very much like transverse colon in many respects. 
The appearance, as shown by section, of the external or umbili- 


cal portion of this fistula was very different. The mucous 
membrane was of the pyloric type, as similarly described by 
von Rosthorn and Lindner. The epithelium was tall and cylin- 
drical and the protoplasm highly refractile. The nuclei were 
basally situated and there were no goblet cells. In the depth 
there was to be seen a richly developed zone of tubular glands 
connected by numerous crypts with the lumen of the fistula. 
In general, then, the whole structure of the mucous membrane 
resembled that of the pyloric region of the stomach. This 
structure was not as regular, however, as in the normal struc- 
ture. In the original, a second plate is shown to illustrate 
this mucosa. External to the mucous membrane there are 
the usual muscular layers. For a short distance the lumina 
of the two segments overlapped one another, so that in a single 
section taken at this point one could see both types of mucous 
membrane: the intestinal, belonging to the proximal fistula 
or cavity, and the pyloric type, corresponding to the external 
or distal fistula. In the depth there was only an imperfect 
cellular connection between these two types of mucous mem- 
brane. At this point there was a mixture of the two types of 
mucous membrane and Lexer believed that the outer fistula 
was formed originally, by a constricting process, from the 
original diverticulum of Meeckel. The findings, as a whole, 
Lexer believes, allow of no other explanation than that there 
is a complete persistence of the ductus omphalomesentericus, 
whose outer portion, probably as a result of very early separa- 
tion, is subjected to a different evolution of its mucous mem- 
brane than that portion of the fistulous tract which connected 
with the intestine, namely, Meckel’s diverticulum. 

In explanation of the similarity of the secretion from the 
outer portion with that of gastric juice, Lexer was unable to 
give any satisfactory facts and referred to the rather unsatis- 
factory attempts at explanation by van Heukelom and von 
Rosthorn. Lexer was more inclined to believe that these for- 
mations arose from rests of the original omphalomesenteric 
duct and Meckel’s diverticulum rather than from gastric 
diverticula, even though there was lacking the anatomical 
connection between the umbilicus and Meckel’s diverticulum. 

In order to feel that the gastric mucosa at the umbilicus was 
derived from the same mucosa or from the same structures 
from which Meckel’s diverticulum develops, Lexer said he 
would like to see a case in which there was a preservation of 
the connection between the gastric mucous membrane at the 
umbilicus and a Metkel’s diverticulum. My own case shows 
that even without such an anatomical connection gastric mu- 
cosa is found in Meckel’s diverticulum and thus affords ad- 
ditional proof that the cases of gastric mucosa at the umbilicus 
have an origin similar to that of Meckel’s diverticulum. 

Denucé described in a boy 21 months old a congenital fistula 
at the umbilicus from which there was an abundant flow of 
secretion which was ordinarily colorless, sometimes slightly 
hemorrhagic, and which gave an acid reaction and upon chem- 
ical examination was found to be practically identical with 
gastric juice. There was digestive action on the skin around 
the umbilicus. The microscopic examination of the fluid 
revealed nothing of importance. Free hydrochloric acid was 
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present. By means of a sterile pipette 3 c. c. of secretion were 
collected and examined chemically. The principal findings 
included demonstration of the presence of albumen, peptone 
and free hydrochloric acid. The fluid digested coagulated 
albumen. He concluded, then, that the secretion must be con- 
sidered a kind of gastric juice. At the operation the fistulous 
tract was removed without necessitating the opening of the 
peritoneal cavity. The peritoneum was transparent and it 
was possible to see, a little to the left of the deeper attachments 
of the fistula, a cylindrical cord which, at its proximal or inner 
extremity, was connected with one of the intestinal loops 
(Fig. 11). It was at once recognized that this cord repre- 
sented Meckel’s diverticulum and connected at its distal 
extremity with the umbilicus. The diverticulum was then 
exposed and amputated at its base. The child made a good 
recovery. 


Fic. 11.—An umbilical polyp connected with Meckel’s diverti- 
culum by a fibrous cord. (Schematic, after Cullen, p. 121.) This 
is the type of remnant of the omphalomesenteric duct which was 
described in Denucé’s case. In the latter, however, the umbilical 
polyp had a central fistula which was lined by mucosa of the fundus 
type. Remnants of practically the whole of the omphalomesenteric 
duct are present here. The outer end is represented by the umbilical 
polyp, the central portion by a fibrous cord and the inner end by 
Meckel’s diverticulum. The latter had the usual intestinal type of 
mucosa. 

The tissue removed was preserved in formalin. The speci- 
men consisted of two parts: the outer fistulous part attached 
to the external surface of the peritoneum and the inner part 
or segment consisting of Meckel’s diverticulum attached at 
its distal extremity to the inner peritoneal surface. A sec- 
tion from the outer fistulous part showed the mucous mem- 
brane to have the characteristic structure of gastric mucosa 
of the fundus type. The surface cells were tall, cylindrical in 
type, and filled with mucus. In the connective tissue there 
were some fibroblasts, mast-cells and eosinophilic cells. The 
superficial tubules were continuous below with the true pep- 
tic glands. The latter were lined with “clear cells contain- 
ing zymogen granules and a second type of cell, the parietal 
cells. These were very numerous in the depth of the cul- 
de-sacs, but less abundant in the deeper portions of the gland 
tubules. The eosinophilic cells and the mast-cells were also 
found in the deeper portions of the glandular zone. In the 
corium true lymphoid nodules with germinating centers were 
present. The muscular layer on the outside was very thick. 

In brief, then, Denucé felt that he was dealing with a gastric 
heterotopy in the form of an isolated small cul-de-sac or fistula 
at the umbilicus, plainly and fully functioning. Before dis- 
cussing further his own case he then refers to some previous 
observations on she development of our understanding of the 


peculiar histology of congenital umbilical fistula of the so- 
called pseudo-pyloric type, which is extremely rare. 

Finally, it may be well to refer briefly to the case de- 
scribed by Salzer ™ (1904) of a patent diverticulum (Fig. 12), 
which in the free abdominal portion showed normal characters 
of the intestinal mucosa. In the prolapsed portion at the 
umbilicus, however, there were found glands resembling in 
structure the cardiac glands of the stomach. In the histologi- 
cal description of these glands he says the cells of the gland 
tubules are clear, finely granular, polygonal in shape and have 
a basal nucleus and some affinity for eosin. 

In explanation thereof he suggests that, in the closure of the 
abdominal cavity, for some reason or other, there is a partial 
or complete cessation in the evolution of the vitelline duct 
and that thereby the entoderm is irritated or stimulated to 


Fic. 12.—A patent omphalomesenteric duct with a polypoid for- 
the type of cose dmorfbed by Gainer. ta com 

a variable differentiation, so that there is a development at one 
time of intestinal mucosa, at another time of gastric; again, 
there may be produced parotid gland or even pancreas. He 
says, furthermore, that these pathological pictures are al- 
ways to be found at the distal end of the remnants of the 
vitelline duct, in fact, just at that point where the incomplete 
involution of the vitelline duct is sq apt to be found. There 
have been many different views in explanation of the origin 
of these aberrant tissues at the umbilicus, with particular 
reference to the occurrence of gastric mucosa. Before entering 
upon these, however, it will be helpful to review briefly the 
embryological evolution of the omphalomesenteric duct. In 
this way a clear conception can be had of the probable origin of 
a large number of anomalous conditions which one finds at 
times at the umbilicus and in its neighborhood. 

The vitelline or omphalomesenteric duct represents in 
fetal life the communication between the intestine (ileum) 
and the yolk sac. The yolk sac in time develops into the 
umbilical vesicle. Ordinarily, at about the seventh week 
to the tenth week the yolk stalk, which connects between 
the ileum and the umbilical vesicle, separates from the in- 
testine. The latter, which at first lies in part in the 
umbilical cord, retracts into the abdominal cavity and there- 
after there is no further indication of the original con- 
nection between the intestine and the yolk sac. If the separa- 
tion of the intestine from the yolk stalk is delayed or fails to 
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occur at all, then various resulting anomalies are found in the 
region of the umbilicus at the time of birth or even later in life. 
The slightest persistence of the vitelline duct is represented by 
a thin connective-tissue strand extending from the umbilicus 
to the ileum. This strand is of little interest aside from the 
fact that occasionally intestinal obstruction may be produced 
by it. The fullest degree of persistence of this structure is 
represented by complete patency of the duct, thus establishing 
a free communication between the umbilicus and the intestine. 
From a condition of this kind there develops the well-known 
type of congenital umbilical fecal fistula, numerous cases of 
which have been reported. Through such a fistula a portion of 
the bowel wall or even a loop or more of small bowel may pro- 
lapse. Between these two extremes there are all possible 
transitions. The most common partial persistence of the 
vitelline duct is that of the well-known finger-like diverticu- 
lum of Meckel, which is usually entirely separated but may 
be connected with the umbilicus by a few fine strands of con- 
nective tissue. Such cases are also numerous. A diverticulum 
thus attached to the umbilicus may cause various types of 
fetal strangulations, torsions and obstruction, At other times, 
this duct connecting between the umbilicus and the intestine 
becomes obliterated at both the umbilical and the intestinal 
extremities with an intervening lumen lined by a cylindrical 
epithelium and containing more or less secretion. From a 
remnant of this kind arise the well-known cysts or entero- 
cystomata. Again, the duct may remain open at the umbilicus 
and become obliterated within the abdominal cavity. This 
type of persistence gives rise to umbilical fistule, tumors and 
cysts. These may be opened externally at the time of the liga- 
ture of the umbilical cord or through umbilical inflammation. 
Again, there may be a nodule of mucous membrane with or 
without a lumen and constricted off from the tip of Meckel’s 
diverticulum with which it thus has no communication. Both 
structures, however, evidently arise from a partial persistence 
of the original vitelline duct. 

We might consider now the theories and views which have 
been advanced to explain the occurrence of aberrant glandular 
tissue at the umbilicus and which concern particularly those 
cases of gastric mucosa reported above. 

The first view was that of Tillmanns (1882), namely, that 
in the cases exhibiting gastric mucosa at the umbilicus in 
the form of a tumor or fistula we are dealing with remnants 
of gastric diverticula which have been preserved at the umbili- 
cus, but which have severed their former connections with the 
mother organ. This view was accepted by Reichard, Roser 
and Weber. The last, particularly, was a firm believer in 
this probable origin of the aberrant gastric tissue, and in his 
report in 1898 explains in detail the mechanism of this forma- 
tion. As it was impossible for me to get Tillmanns’ original 
article I have quoted largely from Weber’s article which follows 
in general the views of Tillmanns. According to this view, then, 
there occurred in early fetal life a herniation of the stomach 


at the umbilicus, which herniation was still connected with the 


stomach by a kind of diverticulum and that this diverticulum 
was opened at the time of birth. The question which Weber 


now puts to himself is this: How does a gastric diverticulum 
or herniation come to lie in the first portion of the umbilical 
cord? His explanation is as follows: In the youngest human 
embryos which had been examined up to his time, and which 
were from 14 to 18 days old, the intestine has not yet become 
a more or less closed tube, but communicates by a rather wide 
stalk with the yolk sac. Gradually the yolk sac develops into 
the umbilical vesicle, which is connected by means of the vitel- 
line duct with the subsequent tubular intestine. The vitelline 
duct becomes a portion of the umbilical cord and later oblit- 
erates. The bowel retracts into the abdominal cavity and all 
connection with the umbilical cord disappears. Up to this 
point the presence of a portion of the intestine in the begin- 
ning of the umbilical cord is a physiological occurrence. If 
separation of the vitelline duct from the intestine is delayed, 
then traction within the umbilical cord is exerted upon the 
intestinal tract and the intestine remains as a normal content 
of the first portion of the cord, thus producing an umbilical 
herniation with small intestine as its contents. If this her- 
niation remains it can be readily overlooked by the physician 
or the midwife, and at the time of ligature of the cord it may 
be opened so that a fistula may rise from which the child 
generally dies as a result of complicating peritonitis. On the 
other hand, such a hernia may be only a temporary occurrence 
and subsequently, after separation of the vitelline duct, the 
bowel may retract into the abdominal cavity. In a case of this 
kind a dilated ring persists at the umbilical opening and thus 
predisposes to a potential hernia. In this manner a diverticu- 
lum of the stomach might enter the umbilical opening, or 
even without assuming a delayed separation of the vitelline 
duct such a herniation is conceivable if one imagines the 
stomach held in application against the umbilical opening by 
the presence of adhesions. 

The second question which Weber asks himself is this: 
Why is it that there is no tract or strand connecting with the 
stomach ; in other words, why is it that the prolapsed piece 
of mucous membrane appears as an anlage entirely separated 
from its point of origin? He believes that there are processes 
of constriction during the period of development which play a 
role if Tillmanns’ theory is at all correct. Thus, if we as- 
sume that in an early developmental period there is an attach- 
ment between the first portion of the umbilical cord and the 
stomach, then, as a result of this, traction is exerted upon 
the stomach as against the traction of the mesentery. The 
stomach is drawn out into a diverticulum and the connection 
between the adherent portion and the stomach proper is nar- 
rowed down to a very small duct. In addition to this, there 
are the subsequent changes of position to which the intes- 
tinal tract and the stomach are subjected in their further 
embryological development. Originally the stomach is formed 
as a fusiform dilatation of the otherwise uniform intestinal 
tract and has a vertical position. Its long axis becomes trans- 
verse and the pylorus comes to lie high on the right and the 
cardia moves to the left. The portion to the left then develops 
as the fundus. In addition there is also a torsion of the long 
axis, so that the left surface becomes anterior and the right 
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posterior. The mesentery also makes these twists and must 
therefore alter its length and form, thus creating the bursa 
omentalis. If we now assume that abnormal adhesions have 
held the stomach wall in apposition with the region of the 
umbilicus, then this change in position can readily cause a 
narrowing of the duct-like connection between the umbilical 
herniation and the stomach, resulting in the formation of a 
twisted cord which in tfme obliterates and finally disappears 
entirely. Assuming these facts as a plausible hypothesis, 
Tillmanns and his adherents endeavor to explain the occur- 
rence of gastric mucosa at the umbilicus as a form of ectopia 
ventriculi. Against this view van Heukelom takes a decided 
stand. 

Van Heukelom, whose view was accepted by von Rosthorn, 
believes that these aberrant growths at the umbilicus repre- 
sent remains of the vitelline duct and arise in a manner which 
he explains as follows: In the second month of fetal life the 
intestine still forms a loop which is to be found in the umbil- 
ical cord. The tip of this loop represents the point from 
which the ductus omphalomesentericus is constricted off. In 
the third month this intestinal loop retracts and then the in- 
testine lies free in the abdominal cavity. If we now assume 
that this diverticulum or loop, for some reason or other, does 
not retract at its proper time on account of the tension of an 
unobliterated vitelline duct, then the portion of the diverticu- 
lum connecting with the intestine may be pulled away, and 
being thus entirely separated from the latter comes to lie 
isolated at the umbilicus. In this manner we have the begin- 
ning of our ectopia. If now this mucous membrane and 
musculature of the open diverticulum at the umbilicus continue 
to grow while the surrounding umbilical structures retract, 
then the former will evaginate and in this fashion, in time, 
a tumor forms, which is covered with mucous membrane. 
Van Heukelom refers to 12 cases of this kind which he has 
collected and gives reference to them, his own being the 13th. 
There are probably many more which have escaped notice be- 
cause they are classified under umbilical granulomata without 
further report as to their histology. Many of these aberrant 
tumors at the umbilicus have been shown to contain intestinal 
glands and epithelium. In these 13 cases there is no mention 
made of gastric mucosa. 

As already mentioned, van Heukelom described a case of 
his own of gastric mucosa occurring at the tip of Meckel’s 
diverticulum and feels that there is a uniform origin for all 
the various aberrant tissues found at the umbilicus. There is 
a general consensus of opinion that these tissues are derived 
from the tractus intestinalis, but as to what part of the tract 
represents the mother organ there is a great difference of 
opinion. Van Heukelom, in the first place, answers what he 
considers the erroneous explanation of Tillmanns and Roser, 
namely, that umbilical gastric mucosa represents a portion 
constricted off from the early fetal stomach at a time when the 
stomach is supposed to lie in the vertical position, in close 
proximity to the umbilicus. Van Heukelom examined a series 
of fetuses with the purpose of determining the probability of 
such an occurrence. He concludes that it is impossible to 


believe that gastric diverticula can thus be formed, for the 
reasons that the enormous liver occupies the space between the 
umbilicus and the deeper lying pylorus and relatively takes 
up more and more room, the younger the embryo. There is 
no connection between the pylorus and the umbilicus, but on 
the contrary there is always a wide separation between them. 
On the basis of his findings in one of his fetus cases, namely, of 
a portion of gastric mucous membrane at the tip of Meckel’s 
diverticulum and separated from it, and the finding in Meckel’s 
diverticulum itself of the usual intestinal epithelium, he con- 
structs his theory for the explanation of these variations in 
histological differentiation. 

Two questions, he says, now arise: Firstly, how can one ex- 
plain the great difference between the epithelium of the distal 
portion separated from the diverticulum and that of the prox- 
imal portion of Meckel’s diverticulum? And secondly, is it 
possible upon the basis of this observation to explain the origin 
of aberrant gastric ectopia at the umbilicus without resorting 
to the dangerous assumptions, such as those of Tillmanns and 
Roser? In answer to the first question there are the following 
facts which are helpful: In very young embryos the intestinal 
tract is lined by a single layer of entodermal epithelium which 
is everywhere of uniform character. Later differentiation 
into gastric and intestinal epithelium appears and at the 
same time one recognizes folds and crypts which later become 
glands. Van Heukelom states further that the difference be- 
tween stomach and intestinal epithelium occurs first at the 
time when the meconium or better when bile-stained material 
is found in the intestinal tube. Then for the first time one 
can differentiate the tall, regular epithelium from the intes- 
tinal epithelium, which is granular, low, shows a different kind 
of nuclei and contains many goblet cells. If we now remember 
that the portion of mucous membrane constricted off from 
Meckel’s diverticulum was not in connection with the cavity 
of the diverticulum and therefore not in contact with the 
contents of the intestinal tract and that this separated portion 
of mucous membrane corresponded in histological structure 
to that of the stomach, the thought arises that this differentia- 
tion in the types of mucous membrane is brought about by the 
influence of the intestinal contents. It was van Heukelom’s 
opinion that it is the influence of the bile which causes the 
differentiation into intestinal epithelium, and that the gastric 
mucosa and also this portion of mucosa separated from the 
diverticulum of Meckel, which do not come into contact with it, 
take on a different course of histological evolution. This 
explanation of van Heukelom can at once be considered as 
quite erroneous, for in the first place it is well known that the 
fetus swallows certain materials which must contain intestinal 
contents and therefore bile. Van Heukelom assumes, however, 
that this swallowed portion is without the agent, which he feels 
acts upon the intestine differently than upon the stomach. 
In the second place, in my own case, the area of gastric mucosa 
occupied the distal third or fourth of Meckel’s diverticulum, 
had a perfectly free communication with it and therefore the 
intestine and hence was subjected to the same influences as the 
intestinal mucosa. There could be no doubt about this point. 
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One, therefore, need not assume, as van Heukelom did, that it 
was the total separation from the intestinal tract which caused 
this peculiar development of gastric mucosa. 

Now as to the second question van Heukelom asks: Can the 
facts thus derived give a reasonable explanation for the origin 
of aberrant tumors of gastric mucosa, such as Tillmanns, 
Roser and van Heukelom himself described? The latter felt 
that they could. He felt that Meckel’s diverticulum might of 
course give origin to ectopia at the navel. The difficulty in 
the cases of Tillmanns, Roser and van Heukelom lay in the fact 
that, whereas previous observers had derived the intestinal 
epithelium from Lieberkiihn’s crypts, in the latter three cases 
the epithelium showed the character of pylorus. Van Heu- 
kelom explains this variation by assuming that the ectopia 
at the umbilicus originated from the intestinal tract, inasmuch 
as in his own case the gastric mucous membrane was still at- 
tached to Meckel’s diverticulum, which, as everyone grants, 
arises from intestine. The reason, then, for the variations in 
the initial differentiation into gastric and intestinal types of 
mucous membrane he explains by assuming that if the mucous 
membrane preserved its communication with the intestinal 
tract up to and beyond the period of bile formation and was 
thus subjected to the influences of the latter, then intestinal 
epithelium developed; if, however, this aberrant epithelium 
became separated off from the intestinal tract before the secre- 
tion of bile appeared, it developed into gastric mucosa, and thus 
became morphologically identical with pyloric epithelium. 
Van Heukelom prefers this view to accepting the hypothesis of 
Tillmanns and Roser as to the origin of these tissues from 
gastric diverticula, which view has no anatomical basis and 
which @ priort is doubtful. Here again my findings refute 
this view, for in my own case the gastric mucosa was devel- 
oped in full connection and communication with Meckel’s 
diverticulum and therefore in the presence of bile and its 
influences. Van Heukelom thus derives the intestinal ectopia 
at the navel from portions separated off from a true Meckel’s 
diverticulum and as a consequence divides this umbilical ec- 
topia into two groups: the first group which separated by con- 
striction and became isolated very early, that is, before bile 
formation, and thus developed into gastric mucosa; and the 
second group which became separated off at a later time. The 
former will thus contain pseudo-pyloric epithelium and later 
secrete an acid juice, the latter will show Lieberkiihn’s crypts 
with goblet cells and secrete an alkaline fluid. 

The third explanation for the origin of this aberrant tissue 
is that of Salzer (1904) and Kirmisson. According to this 
view, the following assumption is made: At the time of the 
closure of the abdominal cavity, for some reason or other, there 
is a partial or complete cessation in evolution of the vitelline 
duct. As a result, the entoderm at the umbilicus is stimulated 
to manifold differentiation and, consequently, at one time we 
find a diverticulum of intestinal epithelium and at another 
time of gastric epithelium, and then again we may have the 
formation of parotid gland or pancreatic tissue. These patho- 
logical formations, according to Salzer, are always to be found 
at the distal end of the vitelline duct, at that point particularly 


where the predisposing cause of the incomplete involution of 
the vitelline duct seems to be located. This cause may be in 
part local irritation or inflammation. In favor of the irri- 
tation or inflammatory view, these men pointed to the pres- 
ence of lymphocytes, mast-cells and eosinophile cells in the 
mucosa. One need merely state, however, in refutation of this 
assumption that the finding of such cells is very common in 
the normal mucosa of the stomach and intestinal tract. There 
is the statement further that aberrant tissues are always to be 
found at the distal end of the vitelline duct, never at the 
proximal. With this assumption it would not be possible in 
my own case to explain the occurrence of gastric mucosa in 
Meckel’s diverticulum, in a position certainly not subjected 
to irritative influences such as are supposed to be present at 
the umbilicus. 

The fourth theory was that advanced by Albrecht and Fischl. 
According to this view these aberrant tissues arose from fetal 
inclusions or rests occurring at the time of the closure of the 
abdominal wall. This view is similar to that offered for the 
explanation of the occurrence of atypical tissues in various 
parts of the body. The misplaced rests from the junction 
points of the blastodermic layers are assumed to be the points 
of origin of these new tissues. It is thus assumed that these 
misplaced cells may retain their original powers of differentia- 
tion. This is the old teratological view for the origin of tumors 
and aberrant new growths. Here again one need not assume 
this view, for, in van Heukelom’s case in the fetus and in my 
own, the aberrant tissue was found in the former attached to 
Meckel’s and in the latter within Meckel’s diverticulum, and 
thus probably was not the result of misplaced tissues at the um- 
bilicus. In fact, in my own case the gastric mucosa was in 
direct continuity with the intestinal mucosa of the diverticu- 
lum. Salzer, however, admitted that in many cases in the 
closure of the umbilical ring there was a complete or partial 
persistence of the omphalomesenteric duct. Fischl felt that 
his theory explained more satisfactorily the fact that the abnor- 
mal formations of gastric, duodenal and pancreatic tis‘ ues are 
most often to be found in the distal extremity of the diver- 
ticulum than did those of Tillmanns and Salzer. 

The fifth explanation offered by Lexer (1899) and Denucé 
(1908), whose view is doubtless most nearly the correct one, 
assumes that these umbilical abnormalities represent the 
remains of the omphalomesenteric or vitelline duct. Lexer 
gives no real explanation for his peculiar finding of pseudo- 
pyloric glands in the case of the umbilical fistula which was 
attached to but did not communicate with Meckel’s diverticu- 
lum ; but he leans toward the views of van Heukelom, that these 
tissues represent rests of Meckel’s diverticulum rather than of 
gastric diverticula even in those cases in which we find a 
mucous membrane with gastric structure and secretion, and 
in which there is no anatomical connection between the umbili- 
cus and Meckel’s diverticulum. He would like to see a speci- 
men in which there is a connection between the umbilical 
gastric mucosa and Meckel’s diverticulum in order to afford 
anatomical proof for his belief. Such a case is that described 
by Denucé, in which case the fistula at the umbilicus did not 
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communicate with but was attached to Meckel’s diverticulum. 
My own case completes the evidence, for in this case gastric 
mucosa is found at the tip of Meckel’s diverticulum. Denucé, 
in spite of this latter view, cites the following facts: Origi- 
nally the intestinal tract is lined throughout by a simple 
uniform entoderm. The differentiation into gastric and in- 
testinal types is a later development. The cause of this differ- 
entiation in the epithelium is not clear. He suggests that 
isolation and occlusion of segments of a diverticulum from the 
intestinal tract are essential to the formation of gastric epi- 
thelium, and that there might be very early displacement in the 
original vitelline duct which gives rise to variations in sub- 
sequent differentiation. He is inclined to agree with van 
Heukelom that the occlusion of the segment is the initial cause 
for this variable differentiation, but he does not accept 
van Heukelom’s view that the differentiation depends at all 
upon the action of the bile. He says this leads us into the 
domain of pure hypothesis. In other words, Denucé and Lexer 
lean to the view that these tissues arise from remains of thé 
omphalomesenteric duct, namely, the intestinal tract, but 
offer no further explanation for the variations in subsequent 
differentiation. Denucé thinks that while occlusion and sepa- 
ration are probably responsible, the action of bile is not a 
factor. He gives no further explanation. Here again this 
view can be answered in a word, namely, that occlusion and 
separation are not necessary, for they surely were not present 
and could not be responsible for the variation in my own case. 

In a review of the cases reported in the literature of aberrant 
glandular tissue occurring in Meckel’s diverticulum itself, I 
have been unable to find mention of the occurrence of gastric 
mucosa. In the search it became apparent, however, how often, 
relatively, pancreatic tissue has been found in the intestinal 
tract; in fact, cases were found in which pancreatic nodules 
occurred in the stomach, duodenum, jejunum, ileum and even 
in Meckel’s diverticulum. There were no cases found in which 
pancreas was discovered below Meckel’s diverticulum, a fact 
which will be considered again. Because of the relative fre- 
queucy with which aberrant pancreas has been found in the 
intestinal tract, a brief review is given of these cases and 
finally a few others are also reported in which Lieberkiihn’s 
and Brunner’s glands and pancreatic tissue were found in 
Meckel’s diverticulum. There is one case also reported in 
which pancreas was found at the umbilicus. These cases are 
reviewed with the hope that they may throw some light upon 
our own case and in general upon the occurrence of gastric 
mucosa at the umbilicus and in Meckel’s diverticulum. The 
case reports are reviewed in groups according to the location 
of the aberrant pancreatic tissue; the first cases being those in 
which pancreatic tissue occurred in the stomach wall, then in 
the duodeum, jejunum, ileum, Meckel’s diverticulum and at 
the umbilicus. In only a few instances are the histological 


descriptions complete and in many instances not really con- 
vincing enough to make one feel that the author was really 
dealing with true pancreatic tissue. On the whole, the explana- 
tions offered for these abnormal findings are rather unsatisfac- 
tory. Reference, however, will be made to them in order to 


complete our review of the theories which have been offered 
to explain these occurrences. 

Klob “ (1859) found a flat, circular swelling, of glandular 
appearance, inserted between the peritoneal and muscle coats, 
in the middle of the greater curvature of the stomach. Upon 
microscopic examination this glandular mass showed pan- 
creatic structure throughout. No further description or 
measurements are given. Klob called this tissue “ pancreas 
accessorium.” In substantiation of the belief that he was 
dealing with an accessory pancreas, he refers to Leydig,” who 
claims that in the land salamander in the wall of the jejunum 
and in pelobates in the wall of the stomach one can find iso- 
lated portions of the pancreas with excretory ducts. 

Gegenbauer ” (1863) similarly described an accessory pan- 
creas occurring in the wall of the stomach, 2 cm. from the 
pyloric sphincter and near the lesser curvature. It consisted 
of a rounded, somewhat elevated, tumor mass 14 mm. in 
width and 6 mm. in thickness and covered everywhere by 
stomach mucous membrane. Upon microscopical examina- 
tion the mass was found to be an acinous gland, resembling 
pancreas in structure. No further description is given. He 
found a small duct opening upon the surface. 

Merkel” (1905) described two cases of pancreatic rests 
occurring in the submucosa of the stomach. 

Wagner™ (1862) described two cases of aberrant tissue 
occurring elsewhere than in the normal location. In one of 
these cases, which was very similar to Gegenbauer’s case de- 
scribed above, the pancreatic tissue occurred in the wall of the 
stomach. 

Hyrtl” (1860) mentions a rare occurrence of accessory pan- 
creatic tissue behind the arteria and vena mesenterica superior 
and surrounding these vessels at their roots. 

Bernard* (1858) described a second, smaller, pancreatic 
duct communicating with the main duct, oftentimes, however, 
emptying independently just below the main duct, in man, 
dog, cat and rabbit. Bernard has also described tubulo- 
acinous glands in the wall of the duodenum, which are sup- 
posed to have the same physiological properties as the pancreas. 

Klob™ (1859), in a second case similar to the one he de- 
scribed above, found a mass in the posterior wall of the first 
portion of the jejunum, + cm. beyond the duodeno-jejunal turn. 
No duct was found. Upon microscopical examination the 
mass was found to consist of pancreatic tissue. 

Merkl™ (1905) described a pancreatic rest in the subserosa 
of the jejunum. 

Zenker “ (1861) described a frequent variation called the 
“ pancreas minus,” a lobe of pancreatic tissue possessing a 
kind of attachment to the caput pancreatis and emptying 
usually into the ductus wirsungianus, often, however, 1 cm.- 
1.5 em. below the normal duct. Zenker records five cases, in 
three of which the accessory pancreas occurred in the wall of 
the small intestine. In the fourth case there were two acces- 
sory pancreases, one 16 cm. the other 48 cm. below the duo- 
denum. The most curious was the fifth case: in this one there 
occurred, 54 cm. above the cecal valve, a finger-like, true diver- 
ticulum 5.5 cm. long, with a narrow, fatty mesentery, in the fat 
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of which the accessory pancreas was found situated near the 
tip of the diverticulum. In a foot-note Zenker says: 


Vielleicht bezieht sich eine alte von Meckel (Patholog. Anat. I 
Bd. S., 590) citirte Beobachtung von Schulze auf einen gleichen 
Fall. Dieser (Acta. natur. curios Tom. T. Obs. 226, p. 504, Ao. 
1727) fand bei einem Neugebornen an der Spitze eines wahkren 
Darmdivertikels “eine driisenihnliche Warze.” (Im original 
heisst es, cuius apicem glandulosa papilla quaedam quasi corona- 
bat.) Da dieselbe nicht weiter beschrieben ist, lasst sich freilich 
dariiber nicht entscheiden. Vielleicht ist damit auch nur eine 
jener AusstiilJpungen gemeint, die sich bisweilen an der Spitze 
des Divertikels finden. 


The location of the accessory pancreas in the bowel wall 
varies. It may be in the submucosa or between the serosa and 
muscularis. Zenker gives a general histological description, 


makes no mention of the zymogen granules or islands of - 


Langerhans and states simply that the general structure was 
that of true pancreas. He was able to find a duct in all 
his cases. The largest accessory pancreas of this series had a 
diameter of 3.5 cm. The true pancreas in all cases was normal. 
He regards the occurrence of accessory pancreas as a develop- 
mental anomaly originating in the earliest: anlage of the 
pancreas. 

Zenker thinks these anomalies can be explained as follows: 
The usual pancreatic evagination is single, sometimes double, 
occasionally triple for the first anlage. These evaginations 
when multiple then develop into separate glandular bodies. 
In the further course of development, one becomes the main, 
true pancreas ; the remaining evagination, either above or below 
the pancreatic duct, is carried upwards or downwards by the 
fv.ther growth and elongation of the original straight intes- 
tine. If above, it comes to lie in the wall of the stomach; if 
below, it may occur either in the duodenum, jejunum, small 
intestine or even in Meckel’s diverticulum. The last would 
be the lowest possibility, as Meckel’s diverticulum lies at the 
transition line between the upper and the lower intestine. It 
is difficult to understand how the gastric anlage in our case 
could get below the embryologically possible position of the 
pancreas or how gastric mucosa normally above could get below 
the level of the pancreatic duct according to this explanation. 
Zenker could find no evidence of an effect of the accessory 
pancreas upon the digestion in these individuals. 

Several cases are reported further of the occurrence of pan- 
creatic rests in Meckel’s diverticulum. Thus Merkel (1905) 
demonstrated a pancreatic rest or anlage in the tip of Meckel’s 
diverticulum. 

Neumann * (1870) found, in a child 10 months of age, a 
swelling the size of a small bean attached to the tip of Meckel’s 
diverticulum by a short pedicle. In its center was a lumen 
connected by a kind of duct with the lumen of the diverticu- 
lum. Upon histological examination, this body was said by 
Neumann to have gland alveoli resembling in appearance those 
of the pancreas. No further description is given. This case 
in many respects resembles the one of the human fetus re- 
ported by van Heukelom, except that in this instance the 
nodule was completely constricted off from Meckel’s diverticu- 
lum at its tip, separated entirely from the lumen and was 


composed of gastric mucosa. It is interesting to have two 
cases in many respects simulating one another, one case com- 
posed of pancreatic tissue, the other of gastric tissue. 

Regarding this anomaly as a Meckel’s diverticulum, and 
this in turn as coming from the ductus omphalomesentericus, 
Neumann finds it difficult to see an association between the 
presence of the diverticulum and the occurrence of pancreas. 
Neumann suggests that the former may not have been a true 
Meckel’s diverticulum, but rather a secondary formation due 
to mechanical pull of the evaginating glandular mass on the 
bowel wall. The location of the diverticulum and the subse- 
quent report of a number of similar findings in true Meckel’s 
diverticula would indicate that this evagination was probably 
also a true Meckel’s diverticulum. 

A good description, together with illustrations of a case in 
which an accessory pancreas was found at the tip of a Meckel’s 
diverticulum, was given by Bize* in 1904. 

Albrecht* (1901) found in the tip of Meckel’s diverticu- 
lum a yellowish nodule, about the size of a pea, which resem- 
bled microscopically typical pancreatic tissue. In this case, 
contrary to many other cases described, the author takes pains 
really to identify the new tissue formation. He mentions the 
occurrence of abundant zymogen granules in the cells, centro- 
acinous cells, islands of Langerhans, ducts emptying into the 
lumen of the intestine, nerves and blood-vessels occurring in 
normal fashion. Five, possibly six, cases of similar nature 
are reported in the literature, but without further discussion 
or description. 

In regard to the origin and development of these structures 
this author suggests that they are possibly: 

1. Aberrant Pancreas.—He thinks this possibility cannot be 
denied, for on the basis of comparative anatomy it has been 
shown by v. Kupffer that in the sturgeon pancreatic tissue 
has been found in the ductus choledochus. Others have demon- 
strated the occurrence of pancreas in the papilla minor. These 
probably represert jsolated portions of the origina) anlage. 
It is questionable, however, according to this author, whether 
such rests would bb found as low down as the umbilicus. Fur- 
thermore, this conception does not explain why these rests, 
when found in the region of the lower ileum, occur regularly in 
the tip of Meckel’s diverticulum. 

2. Rests of Glandular Formations Originating from the 
Yolk Stalk or Sac.—That such an origin might be possible is 
perhaps indicated by the findings of Graf Spee, who described 
in the yolk sac in the case of the human embryo numerous 
tubular glands with prismatic epithelium. Opposed to this 
view, however, is the fact that an analogy of the normal pan- 
creas is impossible, and furthermore that one would have to 
imagine that a comple metaplasia of an embryonic organ had 
taken place. 

3. The Atavistic Formation.—There is no evidence for this 
view. 

4. “ Cérrogenetic.”—By exclusion, this conception seems 
to be more probable as compared with those just mentioned. 
Whichever view one prefers, a number of interesting thoughts 
arise. In the first place, the same general developmental fac- 
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tors or influences must have been present which determined 
the formation of the normal pancreas, except for the causes of 
the greater growth and the topographical relationship of the 
normal pancreas. Thus at once we are forced to dismiss the 
belief that pancreas develops as a result of factors which are 
present only in the region of the duodenum, such as certain 
mechanical combinations or strictly localized hormones or 
similar tissue-stimulating substances. It would seem that, 
according to this author, the influences which can give rise to 
these aberrant pancreatic formations are not specific for the 
duodenum. In fact, the specific reasons for the occurrence 
of this aberrant pancreas must be sought for in the potentiality 
for pancreatic formation in the whole small intestinal portion 
of the original intestinal anlage, namely, the entoderm, cer- 
tainly in that portion extending from the normal pancreas 
anlage down to the ductus omphalomesentericus. Perhaps the 
frequent location of the heterotopic pancreas in the tip of 
Meckel’s diverticulum is consequent upon causative factors 
similar to those responsible for the formation of pancreas in 
both instances and sharply localized in the immediately con- 
tiguous bowel. These factors may be of a mechanical character. 

In conclusion this author speculates upon the possible bene- 
fit this type of pancreas can have for its possessor. Since, at 
least in this present instance, the aberrant pancreas was 
capable of active normal secretion, it would seera to all appear- 
ances that there was a lessening of the danger to the patient 
of stagnation of the intestinal contents with its consequent 
possible mechanical and infectious complications, Meckel’s 
diverticulum in this instance being 25 cm. long. 

Brunner,’ as cited by Tschiknawerow, found in a case of in- 
vagination, in a child four and a half years old, a Meckel’s 
diverticulum, 37 cm. above the ileocecal valve, which had at 
its blind tip a tumor measuring, in its various dimensions, 
25x22x19 mm. Microscopic examination of the tumor 
showed it to be composed of two parts: one consisting of adi- 
pose tissue; the other composed of gland lobules, ducts and 
lymphoid nodules and resembling pancreas in structure. 

Hedinger “ (1906) demonstrated in the body of a 30-year- 
old man, dead of cardiac disease, a Meckel’s diverticuium 5 em. 
in length. In the wall at the tip of the diverticulum a granu- 
lar, light yellow nodule of tissue was found measuring 2.5 cm. 
in length and .5 cm. in width. Microscopical examination 
showed this nodule to consist of typical pancreatic tissue with 
an occasional duct and with a second lobule resembling Brun- 
ner’s glands in structure. He adds a review of the literature 
bearing upon similar findings and discusses the significance of 
them. 

Nazari * (1909) reports the occurrence of aberrant pancreas 
in the tip of Meckel’s diverticulum. 

Tschiknawerow ™ described three cases of Meckel’s diverticu- 
lum in which pathological tissue formation was found. 

In Case I he described a spindle-celled sarcoma occurring 
in the diverticulum. 

Case II was that of a man 25 years of age who had died of 
pneumonia. At the tip of and extending into the lumen of the 
diverticulum, which was 3 em. long, there was found a small 


body, 1 cm. in length. Near the surface of this enlargement 
glands of the Lieberkiihn type were found, while those in the 
depths resembled Brunner’s glands both as to structure and as 
to position. The remaining mucosa of the diverticulum had 
the structure of intestine. The villi were well marked, lymph 
follicles occurred in areas, and everywhere typical Lieberkiihn’s 
glands were present. 

Case III was that of a woman of 55 years of age. At the tip 
of Meckel’s diverticulum, which measured 7 cm. in length, 
there occurred a rather hard swelling which was found to con- 
sist of atypical Lieberkiihn’s glands and to resemble pancreas 
to a certain extent. 

Lecéne “ described an adenoma developing at the level of the 
free end of a Meckel’s diverticulum. 

A number of additional instances are reported of aberrant 
pancreas occurring in intestinal diverticula other than in the 
true diverticulum of Meckel. The aberrant tissue in the bowel 
wall is supposed by many to be the primary factor in the sub- 
sequent formation of these diverticula, which then enlarge by 
a secondary evagination of the bowel wall due to pressure 
within its lumen at a point probably weakened by the glandu- 
lar mass. Whether this conception is correct or not remains 
an open question. 

Nauwerk ” (1893) reports the occurrence of a diverticulum 
9 cm. in length, occurring 2-3 mm. above the ileocecal valve 
in which an accessory pancreas was found, covered on the out- 
side by serosa and having an excretory duct. He explains the 
formation of the diverticulum by the mechanical pull of the 
accessory pancreas on the bowel wall. In addition to pan- 
creatic acini a hyperplastic overgrowth of Lieberkiihn’s glands 
was also found, and the impression was gained that numerous 
transitions occurred between these overgrown Lieberkiihn’s 
glands and the true pancreatic lobules. Besides this diverticu- 
lum a true Meckel’s diverticulum was also found, measuring 
3 cm. in length and situated 80 cm. above the ileocecal valve. 

Further examples of this condition are reported by Thomp- 
son,” Hulst * and Albrecht and Arzt.’ 

A case of pancreas occurring at the umbilicus was described 
by Wright.” In a girl 12 years of age there was found a con- 
genital umbilical fistula which, after breaking down twice 
following operation, healed as a result of complete extirpation 
of the fistulous tract in which a pancreas nodule was found. 

Franchomme’ (1893) has described in greater detail the 
anomalies which are apt to occur in the remains of the vitelline 
canal. 


DIscussION 


It is seen, then, that the occurrence of aberrant glandular 
tissue, particularly gastric and pancreatic, may occur in the 
stomach, intestine, Meckel’s diverticulum, in the obliterated 
cord connecting the latter with the umbilicus and at the 
umbilicus itself. These aberrant tissues have a great interest 
for embryologists in view of their possible explanation and to 
pathologists for this reason also, and furthermore for the 
reason that new growths and other pathological processes may 
rise from these aberrant tissues. To the surgeon, furthermore, 
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because they may be the seat of inflammation, perforation, ab- 
scess formation and even subsequently of intestinal obstruc- 
tion. In general, very few complete histological studies with 
the idea of absolutely determining the nature of these tissues 
under consideration have been reported. As a consequence, 
there has been considerable confusion in the past in certain 
instances as to the exact type of glandular tissue with which 
one was dealing. The case reported in this present publication 
offered, therefore, a good opportunity for positively identifying 
in the tip of Meckel’s diverticulum an area of gastric mucosa 
of the fundus type. This was done beyond question, and there- 
fore the facts can be used in clearing up or in refuting a num- 
ber of theories which have been offered in the past to explain 
the origin of these aberrant tissues and to furnish certain facts 
for a more probable theory as to their origin. 

Speaking in the first place of aberrant mucosa it may be 
recalled that several cases of gastric mucosa occurring at the 
umbilicus, in the form of polyps, depressions or fistulae, were 
reported by Tillmanns, Reichard, Roser, Weber, Lexer, Denucé 
and a few others. In one or two instances such a fistula was 
blind and was attached at its inner extremity to a fibrous 
cord or to Meckel’s diverticulum itself. The latter in these 
instances had the structure of intestinal epithelium. In one 
instance, namely, that of van Heukelom, there was found in 
a human fetus a small nodule of gastric mucosa at the tip of 
Meckel’s diverticulum which had become completely con- 
stricted off and separated from the lumen of the diverticulum, 
but was still attached to the latter. 

In many of these cases the reports, in which histological 
examination was more or less incomplete or not made at all, 
are rather unsatisfactory. In only one instance, I may say, was 
there a very careful histological examination made, namely, 
by Denucé, who reported mucosa of the gastric fundus type 
occurring at the umbilicus. Aside from this there were no 
other cases in which gastric fundus mucosa was found or 
described. My own case, then, represents the only one in the 
literature in which a considerable area of mucosa at the tip of 
Meckel’s diverticulum, communicating freely with it and in 
continuity with the remaining mucosa of the diverticulum, 
was found to be of the gastric fundus type or even gastric at 
all. 

In this manner, then, the link in the chain of evidence which 
goes to show that this aberrant gastric tissue arises from 
remnants of the omphalomesenteric duct is complete. 

Several of the theories which have been advanced to explain 
the origin of this tissue are thus effectively answered in the 
negative. Thus, Tillmanns’ theory, which had few adherents 
and which supposed that gastric mucosa occurring at the 
umbilicus is derived from gastric diverticula, becomes quite 
improbable. Van Heukelom had already quite effectively 
answered this theory. 

The second theory is that of Siegenbeek van Heukelom, who 
believes that these aberrant growths at the umbilicus and at the 
tip of Meckel’s diverticulum represent the remains of the 
vitelline duct. He, however, felt that the differentiation into 
gastric or intestinal epithelium depended upon whether or 


not the mucosa in early fetal life had become differentiated 
before or after the influence of bile had become effective. This 
view is doubtless in part correct, but not altogether, for again 
my findings show that gastric mucosa may differentiate from 
the intestinal epithelium even under the same influences so far 
as concerns the action of the intestinal contents. In other 
words, isolation of the mucosa very early in fetal life is not 
essential for the development of gastric mucosa. 

The third explanation, namely, that of Salzer, that mis- 
placed entoderm at the umbilicus is stimulated to a variable 
differentiation by irritation or inflammation and consequently 
may give rise to gastric, intestinal, or even pancreatic tissue, 
similarly does not fully explain, for again, as my case shows, 
gastric mucosa may develop in the absence of such irritative 
or inflammatory conditions. 

The fourth theory, that of Albrecht and Fisch], that these 
aberrant tissues arise from fetal inclusions or rests occurring 
at the umbilicus at the time of the closure of the abdominal 
wall, similarly does not suffice, for the occurrence of these 
tissues in the tip of Meckel’s diverticulum can certainly occur 
without these factors being present. 

The fifth explanation, which is doubtless the most nearly 
correct, was practically accepted by Lexer and by Denucé. 
These authors assumed that these umbilical abnormalities 
represent the remains of the omphalomesenteric or vitelline 
duct, although no very detailed facts have been offered to sup- 
port this view. My own case would complete the evidence so 
far as gastric mucosa is concerned, for it shows in the first 
place that gastric mucosa can and does arise from the remains 
of the vitelline duct if one assumes, which is doubtless correct, 
that Meckel’s diverticulum itself is the representative 6f 
such remains. One need assume no further factors nor cir- 
cumstances, such as improbable constrictions in the stomach or 
misplacements and irritations affecting the entoderm, which 
are thus caused to undergo this peculiar differentiation. It 
becomes evident then how important this finding has been, 
because it has allowed us to answer effectively the previous 
views and to furnish indisputable evidence that the gastric 
mucosa as reported in previous cases occurring at the um- 
bilicus has doubtless arisen from the omphalomesenteric duct. 
As to the ultimate influences which have caused this differen- 
tiation one cannot state definitely in the present condition 
of our knowledge concerning these processes. 

The sixth and last explanation, practically that of Albrecht, 
is, so far as present evidence goes, the most nearly correct, and 
this holds for pancreatic tissue or gastric or in fact any of the 
glandular tissues of the intestinal tract, such as Brunner’s 
glands. According to this view the original entodermal lining 
of the intestinal tube and omphalomesenteric duct possesses 
potentialities of development into any of the glandular struc- 
tures in the adult intestine or of its accessory glands, and 
under the influence of certain circumstances, which we do not 
understand, groups of cells may retain one or the other poten- 
tiality and develop into a glandular tissue or organ very 
different from the surrounding glandular tissue and resem- 
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bling the adult organ, such as stomach or pancreas, which may 
be far removed. 

In view of his findings of aberrant pancreatic tissue at 
various points in the intestinal tract, Zenker felt that these 
anomalies represented pancreatic anlages, which in the further 
course of development were carried upwards or downwards 
by the further growth and elongation of the original straight 
intestine and which might come to lie hence in the stomach 
or in any part of the intestinal tract down to and including 
Meckel’s diverticulum. If this assumption is made in the 
case of the pancreas, then one should assume the same, I think, 
in the case of the stomach, in which instance it seems quite 
impossible to believe that a gastric anlage could by such 
mechanism become displaced so far as to lie below the possible 
embryological position of the pancreas. One certainly could 
not apply this view to the occurrence of gastric mucosa at the 
umbilicus or in Meckel’s diverticulum. 

Finally, Albrecht’s view as stated above is probably the 
correct one. If we accept this view of the uniform potenti- 
ality of the entoderm to develop into any of these glandular 
tissues, we can readily understand how cases of aberrant 
stomach, pancreas, Lieberkiihn’s glands and Brunner’s glands 
can occur anywhere in the intestinal tract as far down as 
Meckel’s diverticulum. The intestine below Meckel’s diver- 
ticulum which represents the hindgut doubtless has not these 
potentialities, as a consequence of which these aberrant struc- 
tures have never been found below the level of Meckel’s diver- 
ticulum. 

To summarize then, I have reported a case of a young man, 
19 years of age, who presented before operation symptoms and 
signs suggestive either of acute appendicitis or partial intes- 
tinal obstruction. On examination, among other things there 
was found just below the umbilicus a scar which had been 
produced by a former operation for an abscess. The nature of 
the abscess was not determinable. Upon subsequent operation 
it was found that the small bowel had become strangulated 
over a thick, fleshy cord consisting of Meckel’s diverticulum 
and some adherent omentum which fastened the former to a 
point on the anterior abdominal wall just below the umbilicus. 
Excision of Meckel’s diverticulum with the adherent omentum 
was done and the patient made an uneventful recovery. 

Upon examination of the open diverticulum there was found 
in the distal third or fourth of the diverticulum an area of 
thickened, irregular, granular, dark red mucosa which was 
demarcated sharply from the proximal pale finer mucosa, 
which in turn was of intestinal character. Furthermore, upon 
careful histological examination this distal segment was found 
to consist of a mucosa definitely resembling in every particular 
that of the gastric fundus region. The glands were precisely 
of the fundus type and showed the characteristic zymogen 
granules of the chief cells and the eosinophilic granules of the 
parietal cells as characteristic in the glands of the stomach. 

Upon a careful search of the literature it is found that a 
number of cases have been reported of the occurrence of gastric 
mucosa at the umbilicus in the form of polyps or fistule. 
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Other aberrant tissues, such as pancreas, have been described 
along the intestinal tract and even in one instance in a nodule 
at the tip of Meckel’s diverticulum and connected with its 
lumen. Another interesting case reported is that of van Heu- 
kelom in which a nodule of mucosa was found at the tip of 
Meckel’s diverticulum, constricted off from it, not connected 
with the lumen, but attached by a fibrous cord. This mucosa 
proved to be of pyloric nature. My own case is the only one 
of which I am aware of gastric mucosa occurring in the wall 
of Meckel’s diverticulum and in free communication with its 
lumen. Careful histological examination was made necessary 
because of the rather uncertain findings reported by previous 
authors and of the various theories which have been con- 
structed to explain the occurrence of these aberrant tissues at 
the umbilicus. 

The finding in my own case of gastric mucosa in Meckel’s 
diverticulum, which it is agreed quite generally is a definite 
remains or persistence of the vitelline or omphalomesenteric 
duct, makes it appear certain that these aberrant tissues 
occurring at the umbilicus, in fibrous cords and in Meckel’s 
diverticulum, have a uniform origin, namely, from the ento- 
derm of the original intestinal tube or yolk stalk. It was very 
important to complete the evidence that these aberrant tissues 
may arise anywhere along the tract of the original omphaio- 
mesenteric duct in order to answer the various hypotheses 
which were previously advanced. 

After a review of these hypotheses and in view of the 
evidence that I have brought forward, the best explanation for 
the occurrence of these structures is, that the original ento- 
dermal lining of the intestinal tube and omphalomesenteric 
duct possesses potentialities of development into any of the 
glandular structures of the adult intestinal tract or of its 
aceessory glands, and under the influence of certain circum- 
stances, which we do not understand, groups of cells may 
retain one or the other potentiality and develop into a 
glandular tissue very different from the surrounding glandular 
tissues and resembling the adult organ, such as stomach or 
pancreas, which may be far removed. The finding in my case 
of gastric mucosa in Meckel’s diverticulum effectively answers 
the various theories that the gastric growths at the umbilicus 
may have arisen by constriction or separation from gastric 
diverticula in the early fetus, or that a differentiation in the 
mucosa or in these aberrant tissues is brought about by the 
presence or non-presence of the bile, or that irritations, inflam- 
mations or fetal inclusions at the point of union of the blasto- 
dermic layers are necessary. In fact, there is good evidence 
now, with the findings in my own case, for believing that these 
aberrant tissues arise from remains of the omphalomesenteric 
duct; but as to the ultimate factors which cause this differen- 
tiation we cannot state in the present condition of our 
knowledge. 

The finding of this gastric mucosa explains well the reasons 
for the finding of acid secretion with digestion at the um- 
bilicus, in cases of umbilical polyps and fistula as reported in 
the literature, although cases in which gastric mucosa oc- 
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curred at the umbilicus had been reported before. Again, we 
have a good embryological basis for understanding certain 
adenomatous tumors and growths of an intestinal glandular 
nature occurring at the umbilicus, in obliterated intra- 
abdominal umbilical cords and in Meckel’s diverticulum. In 
fact, in the case reported it is interesting to speculate as to the 
condition for which the patient had been operated upon several 
years previously. It seems probable that there was at that 
time a perforation at the tip of Meckel’s diverticulum, though 
none was found at the operation. As a consequence of this an 
abdominal abscess formed which was simply drained and which 
healed with the formation of adhesions between the tip, of 
Meckel’s diverticulum and the anterior abdominal wall. It is 
interesting to think also that this perforation at the tip of 
Meckel’s diverticulum might well have been a perforative gas- 
tric ulcer, for so far as the structure of the mucosa went we 
were certainly dealing with the fundus type of mucous mem- 
brane. This perforation evidently healed subsequently. The 
case further illustrates the desirability of examining carefully 
all cases of Meckel’s diverticulum for the possibility of oc- 
currence of aberrant glandular tissues in the mucosa, both 
for embryological reasons and. also because of the impor- 
tance of these structures in pathology and certain surgical 
conditions. 

In conclusion, I wish to acknowledge my indebtedness to 
Mr. H. F. Aitken for the drawings in black and white, to Miss 
Ethel Norris for the two figures in colors, and to Dr. T. 8S. 
Cullen for the use of the drawings of the umbilical anomalies 
as illustrated by Mr. Max Broedel. 
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A GRAPHIC APPLICATION OF THE PRINCIPLE OF THE EQUILAT- 
ERAL TRIANGLE FOR DETERMINING THE DIRECTION OF 
THE ELECTRICAL AXIS OF THE HEART IN THE 
HUMAN ELECTROCARDIOGRAM 


By Epwarp Perkins Carter, Curt P. RichTer and Cart H. GREENE 


(From the Cardiographic Department of The Johns Hopkins Hospital and University) 


In 1908 Einthoven * first called attention to the fact that a 
definite relationship exists between the amplitude of the deflec- 
tions of the electrocardiogram obtained from the three leads— 
right arm, left arm and left leg—and that when the amplitude 
of any two such derivations is known the third can be deter- 
mined ; formulating his law, based upon this relationship, that 


A year later, in a joint paper with Fahr and De Waart,’ 
he expanded more fully the principle of the equilateral tri- 
angle and published tables, based upon trigonometrical form- 
ulz, which made it possible to determine, within a negligible 
factor of error, the direction of the electrical axis of the heart, 
the relative preponderance of either the right or the left ven- 


Fie. 1.—After Einthoven. 


angle. 
= + 55°. 


under like conditions of electrical resistance and tension Lead 
IIT must equal Lead II minus Lead I. 

In 1912, in an address before the Chelsea Clinical Society 
of London,” he further developed his fundamental conception 
of the course of the excitation wave in the heart, based upon 
the analogy of the three leads employed to the sides of an 
equilateral triangle in which the direction of the axial cur- 
rent bears a definite and determinable relationship to the 
parallel plane of Lead I (R. A. and L, A.). 


P—Q=E, = 615 = Crs Pr— = Cy = + Cy 


+90 
L.L. 


Illustrating the fundamental principle of the equilateral tri- 


The angle 


tricle and the shifting alteration of the axis of potential differ- 
ence in the more bizarre forms of electrocardiograms so 
frequently met with. 

The fundamental principles involved are briefly as follows: 
Assuming that the three leads usually employed—the right 
arm, the left arm and the left leg—represent the three sides of 
an equilateral triangle (see Fig. 1), we draw a line parallel 
to the line uniting the two arm leads at a level corresponding 
to the center of a circle enclosing the triangle, the right-hand 
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end representing 0° and the left-hand end 180°. At the 
center of this line is placed the point H representing the 
heart, the electrical axis of which is diagrammatically illus- 
trated by the arrow p-g. Rotation, then, counter-clockwise 
of the axis above this horizontal line represents a negative 
angle, whereas rotation clockwise below the horizontal repre- 
sents a positive angle. The normal electrical axis is illus- 
trated by the direction of the arrow in the figure in which the 
angle a, the angle of deflection between the arrow p-q.and. the 
horizontal line corresponding to the plane of Lead I, measures 
in our figure +55°. 

If upon this arrow indicating the direction of the axial 
current we mark off two points p and g, Einthoven has shown 
that the distance between lines projected from these points 
at right angles to any one of the three sides of the triangle, 
which correspond to the three leads, will represent the ampli- 
tude of the deflections for that lead, and that under all normal 
conditions the amplitude of R,+R,=R,. Furthermore, 
from the amplitude of these deflections we may determine the 
direction of the axis of potential difference in the heart and 
may calculate the angle a, thus determining in degrees the 
rotation of the electrical axis in the sagittal plane and the 
accurate measurement of the angle formed in relation with the 
horizontal plane representing Lead I (R. A.-L. A.). 

It should be clearly understood that the amplitude of any 
given deflection represents the difference in potential in the 
electrical axis existing in the heart at a given instant of time 
in relation to the lead employed, and that this amplitude will 
vary as the electrical axis alters its position in relation to this 
lead. Hence, it is evident that the amplitude of any given 
deflection may not represent the greatest difference of poten- 
tial possible in that lead, and Einthoven insists that we must 
distinguish between what we may call the recorded difference 
of potential and the maximal possible deflection, which he 
designates as the “manifest potential difference” or the 
“manifest value.” 

This manifest value depends upon the maximal distance 
separating the two points between which the potential differ- 
ence is developed and is only met with when the electrical axis 
and the lead employed lie in parallel planes. It can be cal- 
culated from the height of the recorded curves and can be 
expressed in absolute measure in millivolts by multiplying 
the deflection measured in millimeters by 10-* when the gal- 
vanometer string has been standardized for the usual de- 
flection. In determining the angle a, however, for all clinical 
purposes we may disregard this manifest value, though a table 
giving the various determinations of this potential difference 
is incorporated in the last paper referred to above. 

Einthoven’s formule are as follows: If we let p-q=EZ, 
representing the manifest value, p,—q,=€,, 
then 

e, = E cosa. (1) 
cos (a—60). (2) 
cos (120—a). (3) 
€, (4) 


It is evident that under these conditions the potential 
difference present between the angles of the triangle must 
bear the following relationship ¢,:¢,:¢,. From these data 
when the angle a is unknown it can be determined from the 
relationship of any two of these potential differences from the 
following formule : 


2e,—e 

Using e, and e, tg.a= al = . (5) 
2e,+e 

Using e, and e, tg. a= (6) 

Using e, and e, tg.a= ian (7) 


We have stated above that under normal conditions this law 
that e,=e,+¢, holds true. That clinically, however, we con- 
stantly meet with apparent exceptions to this statement 
is a matter of common observation. It must be kept in mind 
that while we are dealing theoretically with a flat plane we 
have actually to do with a very complicated muscle mass and 
it is the more remarkable that this seeming exception to this 
fundamental law is apparent rather than real, and that it is 
due, as Einthoven has shown, to the phasic variation between 


_ similar peaks of the electrocardiogram. 


In order to determine exactly the proportional amplitude of 
a given deflection in the three leads, especially in all instances 
showing conspicuous phasic variation, we must know the exact 
time relationship of the deflection to the cardiac cycle in each 
of the three leads. Manifestly, this can only be determined 
by simultaneous records of the heart sounds and the electro- 
cardiogram, such as have been made by Fahr,* or by the use 
of two galvanometers as employed by Williams." Fortunately, 
this apparent exception to the simplicity of the fundamental 
principle involved does not invalidate the application of the 
formule given above in all normal instances and may be cor- 
rected for as Einthoven has shown in the more obscure forms. 

Using two galvanometers Williams (1. c.) has shown by the 
projection of vectors determined from the manifest value e, 
in conformity with the different leads, the essential nature of 
this phasic variation in homonymous peaks of the electro- 
cardiogram, and has further demonstrated that the bizarre 
curves met with are due entirely to the manner in which the 
direction of potential difference is shifting within the heart, 
and that, although the peaks are absolutely in phase in only 
a few instances, such absolute accuracy in the calculated values 
is not essential for the majority of clinical records. 

Based upon the principle of the equilateral triangle Pardee * 
has published a graphic method by which the negativity of the 
initial ventricular deflections determines within the limits of 
60° the direction of the axis of potential difference. This is 
accomplished by dividing the circumference of the circle into 
six quadrants, into any one of which it can be shown, by the 
positivity or negativity of the recorded deflections, that the 
axis of potential difference must fall. 

It is interesting to note how closely the angle, determined 
by means of the tables published by Einthoven, Fahr and 
De Waart, coincides with the results calculated by the use of 
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their formule 5, 6 and 7 given above. These observers have 
further demonstrated that the angle varies with inspiration 
and expiration in different individuals from 12° to 36°, being 
always greater in inspiration than in expiration, the normal 
angle falling between +40° and + 90°. 

In a true left ventricular preponderance the angle a has 
a value approaching —20°, falling between 0° and —40°, 
while with a right ventricular preponderance it has a value 
approximating + 120°, falling between +90° and +150°. If 
we assume that the electrical axis in these cases originally had 
a normal value, we must postulate a rotation of the direction 
of potential difference through an are of from 70° to 140°. 
That this, however, implies a rotation of the anatomical axis 
of the heart throughout anything like the same extent is mani- 
festly absurd, and the explanation for the rotation of the axis 
of potential difference must be sought in the shifting balance 
of the muscle mass and the ensuing relationship of the plane 
of the electrical axis to the Derivations I and ITI. 

Figs. 2, 3 and 4 may serve to make this point clear. Fig. 2 
illustrates the normal direction of the axis of potential differ- 
ence. In this figure the excitation wave passes from base to 
apex within the heart and from apex to basal structures 
through the galvanometer, the deflections being upright in all 
three leads. In Fig. 3, the deflections are upright in Leads I 
and II, though the predominant deflection may be downward 
in Lead II, and downward in Lead IIT; while in Fig. 4, the 
deflections are downward in Lead I, and upright in Leads IT 
and III. The direction of the course of the difference in poten- 
tial is indicated in each instance by the direction of the arrow. 

In a paper upon the localization of the origin of the excita- 
tion wave in the human heart, Fahr and Weber‘ have demon- 
strated the soundness of the principle involved in the use of 
the geometric figure and the facility with which one can 
graphically determine the measurement of the angle a and 
the direction of the axis of potential difference by plotting 
upon an angle of 60° the values, in tenths of a millivolt, of 
the two leads and projection from these values of right angle 
lines. 

In the graphic method of plotting the angle a, illustrated 
by Fig. 5, we have made use of the principle of the equilateral 
triangle inscribed within the circumference of a circle upon 
which are marked the degrees from 0° at the right to + 180° 
at the left-hand end of the axis of the circle. Following Ein- 
thoven’s original description rotation of the angle downwards 
and to the left, clockwise, constitutes a plus angle, whereas 
rotation upwards and to the left, counter-clockwise, constitutes 
a negative angle.* 

The point marked by the intersection of the ordinate from 
the middle of the line representing Lead I and the horizontal 
axis of the circle represents the heart, and may further be 
regarded as the point p of the axis of potential difference, 
as illustrated in Fig. 1. 


* This method of reading a positive or negative angle is at 
variance with the accepted custom in vogue as given by Wentworth 
and Smith, “ Plane Trigonometry,” Chap. V, p. 77, 1914. 


If from each side of our equilateral triangle we project 
ordinates, at a distance of 1 mm. apart, assigning to those on 
either side of the center of each base line, corresponding to the 
Leads I, II and III, their proper positive or negative sign 
determined by the projection of our arrow p-q, then the point 
of intersection of any two of these ordinates, representing the 
value of e,, e, and e, under their proper sign, must coincide 
with the point g in our diagram Fig. 1. A line from the cen- 
ter H to this point of intersection corresponds to the manifest 
potential difference #, and will give us the direction of the 
axis of potential difference. By projection of this line to 
the circumference of the circle the angle a may be read off 
in degrees with its corresponding positive or negative value. 

Utilizing the measurements of all three derivations in the 
terms of ¢,, e¢, and e,, under their proper sign, we shall find 
that with the physiological electrocardiogram our point of 
intersection for all three leads coincides very closely, and that 
in those instances with a conspicuous phasic difference the 
point of intersection will vary slightly, depending upon the 
ordinates employed, thus suggesting in a graphie way the 
extent of this phasic variation. 

In the instances suggesting a ventricular preponderance, 
the values e, and e, should be used, and whenever the initial 
ventricular deflections are definitely diphasic in character, 
their corrected value should be determined by deducting the 
lesser amplitude from the greater. 

Figs. 6, 7 and 8 may serve to illustrate the method of appli- 
cation of the principles stated above for determining the axis 
of potential difference in the heart. 

In Fig. 6, which represents a physiological electrocardio- 
gram, #, measures 9 mm., 2, 16 mm. and R, 7 mm. in height. 
We may express these values in the terms of e, as e,= +9, 
é,= +16, and e,=+7, then e,=e,+e,. If we follow the 
ordinate +9 from the side corresponding to Lead I to the 
point where it meets the ordinate +16 from the side repre- 
senting Lead II, we shall find that the ordinate +7 repre- 
senting Lead III intersects this point (see the small circle in 
Fig. 5 in the lower right-hand quadrant) and a line from the 
center H projected through this point of intersection to the 
circumference of the circle gives the direction of the axis of 
potential difference and the value of the angle a as + 55° and 
approximately 30’. Determining the value of a for this elec- 
trocardiogram by Einthoven’s formula 5 we get a value of 
+55° and 52’. 

In Fig. 7, the initial ventricular deflections have the fol- 
lowing values: R,=15 mm., 8,=—1.5 mm., R2,=4 mm., 
S,=—9mm., =1mm., S,=—16 mm. We may ignore the 
values of S, and R, as they approach each other so closely, 
and utilizing R, and S, (¢, and e,) we repeat the steps out- 
lined above and follow the ordinate +15 representing the 
Lead I to the point intersected by the ordinate — 16 represent- 
ing Lead III. A line from the center H through this point 
of intersection and projected to the circumference of our 
circle gives the value of the angle a as —34°. Determined 
by formula 6 the value is found to be —33° and 12’—an 
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Fie. 3.—Illustrating the direction of the 


Fie. 2.—Illustrating the normal physio- Fic. 4.—Illustrating the direction of the 


logical direction of the axis of potential dif- axis of potential difference in left ventricular axis of potential difference in right ventricu- 
ference in the heart. The arrows indicate preponderance. See Fig. 7 and description lar preponderance. See Fig. 8 and descrip- 
the direction of the initial ventricular deflec- in text. tion in text. Figs. 2, 3 and 4, modified after 
tions in the three leads. See Fig. 6 and Pardee. 

description in text. 
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Fie. 6.—Illustrating the physiological 
electrocardiogram. he le @ measures 


Fic. 8.—INustrating right ventricu- 
lar preponderance. The angle a meas- 
ures approximately + 120° 
and exactly + 120° by formula 6. 


Fig. 7.—Illustrating left ventricular pre- 
ponderance. The angle @ measures — 33° 
and some minutes by plotting, and — 33° 
and 12’ by formula 6. 


+ 55° and approximately 30’ by plotting, 
and + 55° and 52’ by formula 5. 
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Fie. 5.—TIllustrating the graphic determination of the angle a by means of ordinates projected from each side, or base, of the triangle representing the 
three leads. The ordinates are drawn to scale 1 mm. apart. The small circles in the figure represent the points of intersection of the e values determined 
from Figs. 6, 7 and 8. The arrows projected to the circumference point to the plotted measurement of the angle a in degrees of these figures. See descrip- 
tion in text. 
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angle known to be associated with left ventricular prepon- 
derance. 

In a similar way we may plot the values of Fig. 8, which 
after correction for the slightly diphasic curves in Leads I 
and III are found to be as follows in the terms of e: e,= —5 
mm., é,=+10 mm. Projecting our line from the center H 
through this point of intersection (see point in lower left-hand 
quadrant of Fig. 5) we find that the value of a falls between 
+120° and +121°. Determined by formula 6 the value of 
the angle a for this figure is exactly + 120°, an angle known 
to be associated with right ventricular preponderance. 

The points of intersection of the ordinates as given above are 
marked by the small circles in Fig. 5, and the arrows indicate 
the projection of the axis p-q from the center H through these 
points of intersection to the circumference of the circle giving 
the direction of the axis of potential difference and the value 
of the angle a in degrees. 

In addition we may determine graphically the true mani- 
fest value of the potential difference. As Einthoven has shown 
(loc. ctt., 1913), if the angle a=60° the manifest value EZ is 
equal to the deflection in Lead II, for this lead is then parallel 
to the electrical axis. If the angle a is equal to 0° or to + 180°, 
E=e,. If the angle a= +120° or —60°, H=e,. Referring 


again to the examples given above, in Fig. 6, 2=16.2. In 
Fig. 7, 2=17.8. In Fig. 8, 2=10. 

It is then plain that this diagrammatic usage of the equi- 
lateral triangle is available for accurate determinations of 
the direction of the axis of potential difference, the angle a and 
the manifest value Z. 


SUMMARY 


We have emphasized the value of the fundamental prin- 
ciple of the equilateral triangle as applied in the interpreta- 
tion of clinical electrocardiograms, and have illustrated 
graphically a simple method of procedure by which the value 
of the angle a may be quickly found. 
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PHAGOCYTOSIS AND AGGLUTINATION IN THE SERUM IN ACUTE 
LOBAR PNEUMONIA; THE SPECIFICITY OF THESE REACTIONS 
AND THE REGULARITY OF THEIR OCCURRENCE 


By W. 
(From the Medical Clinic of The Johns Hopkins Hospital) 


In a previous article’ the writer reported the results of 
some observations in a small series of cases on the activity 
of the serum developing, after crisis or lysis, in patients with 
acute lobar pneumonia. In agreement with the results ob- 
tained by most previous observers, it was found that the serum 
at this time usually developed a definite, though often feeble, 
protective power for mice, provided the test was made with 
the homologous strain of pneumococcus, isolated from the 
patient whose serum was being tested. This activity was not 
demonstrable in serum obtained during the active stage of 
the disease, either from patients who subsequently recovered 
or from those who died. It was further shown that, in a con- 
siderable percentage of the cases (six of 11 cases), a definite 
phagocytic activity could be demonstrated in the serum from 
convalescent patients. It was especially emphasized that this 
phagocytic activity has a significance quite different from that 
of an increase in opsonic index, as determined by the Wright 
method. In the latter, one uses heterologous stock strains 
of pneumococci of low virulence, which are at least moderately 
phagocytable in fresh normal serum. The strains studied 
by the writer, on the contrary, were (with one exception) of 
high virulence, and absolutely resistant to phagocytosis in 
fresh normal serum. 


This phagocytic activity ran closely parallel with the pro- 
tective power of the serum. It was entirely absent during 
the acute stage of the disease, and appeared only at or near 
crisis or lysis. It was not present in the serum of a fatal 
case. Like protective power it was manifested (with one 
exception) only toward the homologous strain of pneumo- 
coccus, and not toward those heterologous strains which were 
tested. It was further shown that in the two cases tested as to 
this point, phagocytosis in vivo ran parallel to that in the test- 
tube. In the peritoneal exudate of the protected mice, the 
pneumococci were ingested and dissolved within the leuco- 
cytes; whereas in the control mice receiving normal serum 
the organisms multiplied rapidly and remained exclusively 
extra-cellular. 

In view of these facts, and of the part that phagocytosis has 
been shown to play in the activity of potent immune serum,” 
the writer felt justified in concluding that phagocytosis prob- 
ably plays an important réle in the immunity developed in 
man at crisis. 

The series of cases was too small, however, to demonstrate 
the regularity with which phagocytic activity develops. Fur- 
thermore, the strict limitation of the activity of each serum 
tested to the homologous strain of pneumococcus was sur- 
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prising, in view of the findings of Cole and Dochez ** that most 
strains can be classified in a small number of groups. It, 
therefore, seemed desirable to extend these observations over 
a larger series of cases, and to determine more definitely the 
exact specificity of the reaction. 

The results previously reported by the writer’ were shortly 
confirmed by the independent observations of Lister * in South 
Africa. Using a similar method, he also demonstrated in most 
of his cases definite phagocytic and agglutinative activity in 
the serum after crisis, when tested with the homologous 
organism. When these sera were tested with heterologous 
strains, phagocytosis and agglutination occurred in some 
instances, but in others they did not. By trying crossed reac- 
tions with the cultures and (convalescent) serum obtained from 
20 cases of pneumonia, he was able to classify the organisms 
into five definite groups. The individual strains in each 
group he found to be serologically identical; while strains in 
different groups had no serological relationship to each other. 
In a subsequent article,” he reported further similar obser- 
vations confirming the regularity and absolute specificity of 
the reaction, and added several new groups to his classifi- 
cation.* 

The development of agglutinins in the serum of patients 
with lobar pneumonia has been noted by numerous observers. 
Bensancon and Griffon,’ in 1900, reported positive findings 
in all but six of a series of 64 cases of pneumococcus infections 
of various types, of which 39 were lobar pneumonia. They 
obtained these results only by cultivation of the pneumococcus 
in concentrated serum from the patients, and failed to demon- 
strate any agglutinating activity when the serum was added to 
a broth culture of the organism. They found the activity most 
marked at crisis, and more effective toward the homologous 
strain than toward stock strains of pneumococci. Huber,” 
using a similar method, obtained positive results in all of 
10 cases of lobar pneumonia examined at or near crisis. 
Neufeld,’ in connection with a study of the agglutinating 
action of immune serum, mentions the fact that in five out 
of about 15 cases of lobar pneumonia examined, the serum 
at crisis, when added to a culture of the pneumococcus, 
caused marked agglutination of the organisms. This occurred 
with serum dilutions of 1 in 4, or 1 in 8, but not in higher 
dilutions. Gargano and Fattori,” in a series of 63 cases, re- 
ported that the development of agglutinating activity in the 
serum was “an almost constant phenomenon.” The sera 
were all active in a dilution of 1 in 2, but none in a dilution 
over 1 in 10. They also found the homologous organism more 
readily agglutinable than heterologous strains. Jehle™ also 
reported positive results in all of six cases examined. How- 
ever, his findings differ radically from those of other observers, 
in that he found the serum active in relatively high dilutions 
(1 in 20 to 1 in 80 and even 1 in 160) ; that the activity was 
well marked as early as the second or third day of the disease ; 
that it showed no tendency to increase as crisis approached ; 


* As the earlier literature dealing with the subject of phagocy- 
tosis is summarized in my former article,’ it will not be discussed 


here. 


and that it disappeared entirely within from two to four days 
after crisis. More recently Chickering” has reported the 
demonstration of agglutinins in a 1 to 2 dilution of serum in 
73.8 per cent of a series of 40 cases of lobar pneumonia. Most 
of the negative reactions were with serum from fatal cases. 
He found that the agglutinative activity developed only at or 
near crisis, and that it might be present only for a single 
day, or persist (in vivo) for several weeks. The agglutinating 
activity of the serum was strictly limited to organisms of the 
same type as that with which the patient was infected, but 
sometimes was more marked for the homologous strain than 
for a heterologous strain of the same type. 

The method used by the writer was described in detail in 
the previous article,’ hence only the essential points will be 
repeated here. 

The cultures used were, with a few exceptions, those iso- 
lated in the routine study of the cases in the medical bacteri- 
ological laboratory of The Johns Hopkins Hospital, which 
have been reported by Mildred C. Clough,” and by Syden- 
stricker and Sutton,“ and I am indebted to them for transfers 
of most of the strains. 

Through the courtesy of Dr. R. I. Cole of the the Rocke- 
feller Hospital, New York, who kindly furnished us immune 
serum for the purpose, it was possible to determine the type 
of each of the organisms isolated. The phagocytic activity 
of the Type I and Type II immune sera has been tested with 
most of the organisms studied, and in some of the later cases 
observations have also been made with Type III serum, and 
with serum corresponding to Avery’s Subgroups 2A and 2B.” 

The leucocyte suspension was obtained by adding a few 
cubic centimeters of normal human blood to 1.5 per cent 
sodium citrate solution, washing three times in 0.85 per cent 
salt solution, and pipetting off the leucocytic cream after the 
last washing. 

The bacterial suspension was prepared by carefuily emulsi- 
fying a loop of growth in one or two drops of physiological 
salt solution. The suspension must be fairly dense to give the 
most clear-cut results. 

Fresh serum obtained from the patient by any convenient 
method, usually venapuncture, was used in a majority of the 
cases, though it was found that in nearly all cases the activity 
of the serum persisted in vitro for several days at least. In 
some cases inactivated serum was also used. 

Equal volumes of undiluted serum, bacterial suspension and 
leucocyte suspension were mixed and incubated in capillary 
pipettes at 37° C. The actual concentration of serum in the 
final mixture was, therefore, 1 in 3. The time of incubation 
varied from 15 minutes to two hours, depending on the strain 
of pneumococcus in question. 

When a negative result was obtained, if possible, the test 
was modified by making the culture suspension directly in 
the serum to be tested, and by using defibrinated blood from 
the patient instead of a salt solution suspension of washed 
normal leucocytes. In this way the organisms were exposed 
to concentrated serum, instead of to a 1 in 3 dilution of serum. 
Corresponding control preparations were made, consisting of a 
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suspension of the organism in normal serum and defibrinated 
normal blood. Five cases which gave negative reactions by the 
first method were tested by this method; three gave positive 
results. 

Smears from the mixtures after incubation were made on 
slides and stained with Hastings’ stain (polychrome methy- 
lene blue). Suitably prepared films are free from sediment, 
and both the bacteria and the protoplasm of the leucocytes are 
clearly stained. As a rule, the margins of the capsules are 
sharply outlined and the capsular material is diffusely stained 
a bright pink, in contrast with the bluish-black color of the 
organisms. 

As in the previous work, counts of the ingested organisms 
were not made. Only gross differences were regarded as signifi- 
cant. The degree of phagocytosis was recorded as (0) absent 
(or not to exceed five pair in 50 cells) ; (+) definite (about 
100 or more pair in 50 cells); (++) strong; and (+++) 
maximal. Degrees of phagocytosis less than (+) in the test 
preparations were regarded as inconclusive. 

In practically every case the tests were subsequently re- 
peated, different specimens of normal serum and leucocytes 
being used to guard against possible errors. 

This method is very simple, but in order to obtain reliable 
results certain precautions must be observed : 

(1) The leucocyte suspension must be active. This can 
usually be determined by simple inspection of a fresh prepara- 
tion under the high power. As pointed out by Neufeld,” if 
the majority of the leucocytes show numerous filiform pseudo- 
podia, one can be fairly sure that they are active. It is 
advisable also to set up a preliminary test with a strain pha- 
gocytable in fresh normal serum (not one spontaneously pha- 
gocytable). If a very marked phagocytosis has occurred after 
15 minutes’ incubation, the leucocytes are suitable for use. 
Attempts to compensate for an inactive leucocyte suspension 
by prolonging the period of incubation give unreliable results. 
The best results are obtained with fresh leucocytes. Phago- 
cytosis is usually less active in older suspensions. 

(2) The bacterial suspension should be fairly dense, and 
must be homogeneous and free from clumps. 

(3) In every case controls must be made with normal 
serum, of the same age and condition as the serum under 
investigation, and all tests without exception be discarded if 
any appreciable degree of phagocytosis is present in the 
controls. 

(4) The time of incubation should, if necessary, be ad- 
justed for each individual strain, so that the test preparation 
will show as marked a degree of phagocytosis as possible with- 
out permitting any phagocytosis in the controls. For organ- 
isms of Types I, II and ITI, one hour is usually the optimum, 
though clear-cut positive results are often obtained after 15 
to 30 minutes. If the results are negative or inconclusive be- 
cause the degree of phagocytosis in the test preparations is 
slight, convincingly positive results may sometimes be obtained 
by prolonging the period of incubation to two hours. Rarely is 
anything to be gained by a longer period of incubation. 

For organisms of Type IV and Atypical Type II, the period 


of incubation should, as a rule, be shortened to 30 minutes, 
and in some cases to 15 minutes. If the incubation is too 
prolonged, there may be sufficient phagocytosis in the control 
preparation with normal serum to obscure the difference be- 
tween these and the test preparations, a difference which would 
have been clear-cut after a shorter period of incubation. Too 
prolonged incubation may also obscure results, because it gives 
sufficient time for intracellular digestion of the ingested 
organisms, and because prolonged contact with the organisms 
seems to injure the staining properties of the leucocytes. 

(5) The films must be properly spread and stained. The 
leucocytes and the larger bacterial clumps, if agglutination 
has occurred, will be found along the margins of the film, at 
and near the terminal portion. If the film is too thick, so that 
the leucocytes are heaped up or not well flattened out, obser- 
vations are difficult. The presence in a serum of isoagglu- 
tinins active on the red cells present in the leucocyte suspension 
does not interfere with phagocytosis, but it makes it difficult 
to secure even films. 

Before considering the results obtained with serum from 
convalescent patients, the behavior of the organisms in normal 
human serum should be discussed. In no instance were 
strains of Types I, II (typical) or III, on isolation, phagocy- 
table in fresh normal human serum under the conditions 
outlined above. They also remained resistant to phagocytosis 
for at least several months while under cultivation on artifi- 
cial media. The medium used was 5 to 10 per cent human 
blood agar; transfers being made at intervals of a week or 10 
days. One Type II strain became very slightly phagocytable 
after two months’ cultivation, and a second after cultiva- 
tion for about a year. Type I strains seemed more resistant. 
Of three Type I strains followed for a long period, one be- 
came phagocytable in fresh normal serum during the third 
year of cultivation on artificial media; a second, during the 
fourth year ; while a third, after four years’ cultivation without 
intervening animal passage, is still not phagocytable. 

The behavior of Atypical Type II and Type IV strains was 
variable, but most of those observed were less resistant to 
phagocytosis than were organisms of the fixed types. The 
majority of the Atypical Type II strains, and some of the 
Type IV strains, on isolation (from patients with pneumonia), 
were not phagocytable in fresh normal human serum after an 
incubation of half an hour, though after longer periods a 
slight degree of phagocytosis was occasionally observed. This 
resistance to phagocytosis was frequently reduced after one to 
three weeks’ cultivation, so that the organism became pha- 
gocytable in fresh normal serum. In some cases the original 
resistance could be restored by animal passage. Such strains, 
after becoming phagocytable in fresh normal serum, were not 
phagocytable in normal serum which had been inactivated 
either by heating or by preservation for several days in the ice 
chest, and they usually retained this degree of resistance to 
phagocytosis after many weeks, and several even after two 
to three years of cultivation on artificial media. 

Other strains, even immediately after isolation, were phago- 
cytable in fresh normal serum, though resistant to phagocy- 
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tosis in inactivated normal serum, even after considerable 
periods of cultivation. It was found that the phagocytic 
reaction of these organisms in inactivated homologous serum, 
either from an immune animal or from a convalescent patient, 
were nearly as clear-cut and just as specific as were those of the 
more resistant strains when tested in active serum. T'wo 
such cases (Nos. 40 and 41) are included in Table I. Such 
strains may possess a moderate virulence for rabbits and mice, 
and, as a rule, were not phagocytable in fresh normal rabbit 
serum. 

In examining (in inactivated serum) these strains which 
are phagocytable in fresh normal human serum, it is, of course, 
imperative that the leucocyte suspension be very thoroughly 
washed in salt solution (at least three times) to remove as far 
as possible all traces of fresh serum. Absolutely complete re- 
moval is probably not possible, and, as might be expected, 
there was frequently a very slight degree of phagocytosis of 
these strains in the control preparations. This must be al- 
lowed for in interpreting the final results of tests made with 
these strains. 

Finally, there is a group of Type IV organisms which are 
spontaneously phagocytable, t. e., they are phagocytable in 
inactivated normal serum or in salt solution. They are, of 
course, entirely unsuitable for use in phagocytic tests, al- 
though, since some of them show no agglutination in normal 
serum, the demonstration of agglutinative activity in the 
homologous serum might be possible. In the course of this 
work I have examined 13 such strains, all isolated from the 
sputum or blood of patients with lobar pneumonia. In four 
of the 13 strains, all isolated from sputum cultures, it was 
definitely shown that the organism isolated from the sputum 
was not the etiological agent in the disease, but was probably 
an ordinary saprophytic inhabitant of the mouth, since the 
serum of these patients in convalescence acquired the power of 
causing phagocytosis and agglutination of stock strains of a 
fixed type (in two cases typical Type II and in two cases 
Atypical Type II strains). In one case a second attempt was 
successful in isolating from the sputum the Atypical Type II 
strain for which the serum had developed phagocytic activity. 

Of the remaining nine, five were obtained only from the 
sputum (four by culture, one by mouse inoculation). The 
patients all recovered, and no further evidence was obtained 
confirming or disproving the relationship of the organism in 
question to the pneumonia. 

In four cases, however, the strains were obtained by blood 
culture from patients subsequently dying of the disease. In 
three of the cases there were 2000 or more colonies per cubic 
centimeter of blood. The pathogenicity of the organisms in 
these cases can scarcely be questioned. 

Although the primary object of this study was to determine 
the phagocytic activity of the serum, note was also made as to 
the occurrence of agglutination in the preparations, and a 
rough estimate recorded of the degree of agglutination present. 
With ordinary care in emulsifying the growth, it was easy to 
obtain homogeneous suspensions entirely free from clumps, 
with virulent organisms of the fixed types. In a large number 


of tests no agglutination of these organisms was ever observed 
in normal human serum even when undiluted. In the active 
(convalescent) sera, however, clumping was usually a striking 
feature of the preparations. The clumps varied in size from 
groups of a dozen pair up to masses occupying a large part of 
an oil-immersion field. Of course, no clumping was regarded 
as significant unless the suspension was perfectly homogeneous, 
and unless the control preparations with normal serum were 
entirely free from clumps. The agglutinated masses of pneu- 
mococci, however, differed strikingly in appearance from the 
masses occasionally met with in poorly prepared suspensions. 
In the former, the individual organisms were more widely 
separated, and presented an appearance such as might be pro- 
duced if the capsular substance between the organisms had 
been greatly swollen in the process of agglutination. This 
appearance has been described by Neufeld,’ Huber * and others. 

Equally clear-cut results were obtained with a majority of 
the Atypical Type II and with many of the Type IV organisms 
studied. With a number of cultures, however, which showed a 
sparse dry growth on blood agar, and in which the capsules 
either were small or were not demonstrable, it was difficult or 
impossible to secure satisfactory suspensions free from clumps. 
Some other strains acquired this characteristic after prolonged 
cultivation on artificial media. Such strains also occasionally 
showed some tendency to agglutinate non-specifically in nor- 
mal or in heterologous serum, and they were, without excep- 
tion, discarded. The majority of these organisms were spon- 
taneously phagocytable, and probably were saprophytic in- 
habitants of the mouth. 

The results of the tests made with the serum of patients with 
acute lobar pneumonia are tabulated individually in Table I 
and summarized in Table II. With a few exceptions noted 
in the table, the homologous strain of pneumococcus was used 
in the test: Of 33 cases in which serum obtained at or shortly 
after crisis or lysis was tested with the homologous strain, 
isolated from the same patient, 28, er 85 per cent, showed 
definite phagocytic activity, while five, or 15 per cent, were 
negative. Of these five negative cases, in three only a single 
specimen of serum was examined, and only in a 1 to 3 dilution. 
Tests in concentrated serum (if tried) might have yielded pos- 
tive results. Of five cases which gave a negative reaction on 
the first test in a 1 to 3 dilution of serum, three gave positive 
results when tried a second time in concentrated serum. To 
these 28 positive cases may be added six others (included in 
Table I) in which the infecting organism was not isolated, 
but in which the serum after recovery caused phagocytosis 
and agglutination of a stock strain of one of the fixed types 
(Type I, two cases; Type II, three cases; Type Atypical ITA, 
one case). Only three patients in the series (Nos. 13, 14 and 
21) received serum treatment with Type I serum, and in the 
two cases (Nos. 13 and 14) giving positive reactions there did 
not seem to be any immediate association between the adminis- 
tration of the serum and the appearance of phagocytic activity 
in the patient’s serum, 

Of the 33 cases tested with the homologous strain of pneu- 
mococcus, 26, or 79 per cent, gave definitely positive agglu- 
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tination reactions. The two sera which showed phagocytic 
but no agglutinative activity were among the three relatively 
feeble sera which were active only in full concentration. These 
figures correspond quite closely with those reported by Chick- 
ering” and obtained by a different method. 

This phagocytic and agglutinative activity appeared with 
equal constancy after infection with pneumococci of Types I, 
II and IV, and also in the only patient in the series with Type 
III infection who recovered.* 

Serum was also examined from seven patients who later died 
of the disease, and the result was negative in six. The one case 
in which death occurred after serum activity developed will 
be discussed later. 

In 18 of the 34 patients whose serum in convalescence was 
active in stimulating phagocytosis, tests were also made with 
serum obtained during the active stage of the disease. All 
were negative with three exceptions, and these three speci- 
mens were all obtained one day (or less) before the crisis. 
Of nine cases (eventually positive) tested 24 hours or less 
before the crisis, four were positive and five negative. Of 
nine cases tested about 24 hours after the crisis all were 
positive. 

Very scanty data were obtained to indicate how long the 
activity of the serum persists in the body. In one case it dis- 
appeared within 11 days, but it was usually present on dis- 
charge, from 10 days to three weeks after the crisis. In one 
case (No. 27) serum obtained two years later still showed 
slight phagocytic activity and fairly marked agglutinative 
activity for a stock Type IT strain. 

We may, therefore, conclude that the serum is inactive 
during the acute stage of the disease, and that phagocytic and 
agglutinative activity develop only at or near the crisis, oc- 
casionally appearing shortly before it, but often demonstrable 
only after recovery has definitely set in. 

The only instance met with which seems to constitute an 
exception to this rule is No. 44, Table I. This patient was 
a man aged 61, alcoholic, with arteriosclerosis and hyper- 
tension. He was admitted to the hospital on the fifth day 
of the disease with signs of consolidation in the right upper 
lobe. On admission (fifth day), a Type IV pneumococcus 
was isolated from the sputum and also from the blood (1 
colony per cubic centimenter of blood). On the 13th and 14th 
days the temperature fell by lysis, and it seemed probable that 
the patient would recover. However, the temperature did 
not reach normal. On the 16th day it again became markedly 
elevated, and a high remittent fever of the “septic” type 
persisted till death on the 21st day. A Type IV pneumo- 
coceus was again cultivated from the blood on the 18th day 
(2 colonies per cubic centimeter). All three strains were 
found to be serologically identical. On the 19th day the 
heart was found to be dilated, and a systolic murmur appeared 


*The sera from two recent patients recovering from Type III 
empyema, not included in this series, showed well-marked phago- 
cytic activity, but no agglutinative activity. This activity was 
present only in the fresh serum, and was limited to the homolo- 
gous strain of pneumococcus. 


at the apex. On this day the patient suffered a left hemi- 
plegia. Nothing definite could be made out in the lungs 
or pleure to explain the recrudescence of fever. No autopsy 
was obtained. While it was not certain that the hemiplegia 
was not the result of a coincident cerebral hemorrhage, ii was 
thought probable that a sepsis had developed, with an acute 
bacterial mitral endocarditis and a cerebral embolism. 

The pneumococcus isolated from this patient was slightly 
phagocytable in fresh normal serum, but not in inactivated 
serum. The inactivated serum of the patient obtained on the 
fifth day caused no phagocytosis or agglutination of his or- 
ganism, but a specimen obtained on the 13th day (during the 
remission), both in the fresh state and after inactivation, 
caused very marked phagocytosis and agglutination of this 
organism. A third specimen of serum obtained on the 18th 
day was equally active. This was two days after the recurrence 
of fever, and was after the reappearance of the organisms in 
the circulating blood. In this case, therefore, sepsis apparently 
ensued, despite the presence of phagocytic and agglutinative 
activity in the serum. 

To determine the specificity of the reaction, a large number 
of crossed tests were made with the active post-critical serum 
of each case, heterologous strains belonging to the same type 
and also strains of different types being employed. Table 
III shows results obtained with sera from patients recover- 
ing from Type I infections, and Table IV from infection 
with other types. In general, these data may be summarized 
as follows: A serum which is active on the homologous 
strain, will, as a rule, cause phagocytosis and agglutination of 
any other strain of the same type, but is entirely inactive 
toward strains of any other type. This differs from the tenta- 
tive conclusions previously reported by the writer. In the 
former series of cases, phagocytic activity, in the six sera in 
which it was demonstrable, was strictly limited to the homol- 
ogous strain of pneumococcus, with the single exception of 
one serum, which was also active on one only of several heterol- 
ogous strains with which it was tested. In view of the findings 
in this present series the explanation for the previous results 
probably is that only two of the organisms examined happened 
to belong to the same type. 

The serum from patients recovering from Type II infection 
showed no activity toward Atypical Type II strains (with the 
exception, possibly, of No. 27; Los., S.; Table IV). Serum 
from cases of Atypical Type II infections acted only on mem- 
bers of the corresponding subgroup. 

Case No. 14, Table I, illustrates well the specificity of these 
reactions. This patient was admitted with a lobar pneumonia 
which was proven by sputum and blood cultures to be due to 
an Atypical IIA infection. The serum shortly before crisis 
was inactive toward this organism, but shortly after crisis 
caused active phagocytosis and agglutination of it. Four days 
after crisis a second attack of pneumonia developed, a different 
lobe being involved, and a Type I strain was isolated from both 
blood and sputum. His serum at this time was inactive toward 
the Type I strain, though active toward the IIA strain. He 
had a second crisis on the eighth day, and after this crisis 
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phagocytic and agglutinative activity for the Type I strain 
had also developed. 

Serum from one of the three patients infected with a Type 
IV pneumococcus was active only on the homologous strain. 
That from a second case was equally active on the homolo- 
gous strain and on one other Type IV strain from another 
case of pneumonia, serum from which cer.ld not be obtained for 
study. The third case also furnished a serum which was active 
in promoting phagocytosis, not only of the homologous strain, 
but also of one other Type IV strain, isolated from the spinal 
fluid of a case of pneumococcus meningitis. The demon- 
stration, among a comparatively small number of Type IV 
strains examined, of two pair of serologically identical strains, 
is in conformity with the recent findings of Olmstead,” 
and indicates the probability that further study will reveal 
new types among the pneumococci now included in Type IV. 

The serum of this last case (No. 27; Los., S.; Table IV) 
also caused «phagocytosis of typical Type IT strains and, less 
actively, of several Atypical II strains as well. This patient’s 
serum four days before lysis was inactive toward the homolo- 
gous Type IV strain, but was not tested at this time as to its 
activity toward a Type IT strain, as this anomalous behav- 
ior of the serum was not anticipated. This is the only instance 
in the series in which a serum showed phagocytic activity 
toward a strain of a type different from that which was iso- 
lated from the sputum (except for four cases in which spon- 
taneously phagocytable mouth saprophytes were isolated from 
plate cultures). This might be explained either on the as- 
sumption that the patient had a double infection with a Type 
II and a Type IV organism, or that he had previously had a 
Type II infection, with persistence of the antibodies for Type 
II strains. The possibility of such a persistence of antibodies 
for a long period is demonstrated by the fact that a specimen 
of serum obtained from this patient two years later still 
showed slight phagocytic and well-marked agglutinative ac- 
tivity for Type II strains. The activity of this specimen of 
serum for the homologous Type IV strain could not be tested, 
as the strain had been lost. 

The agglutinative activity of this serum was less specific 
than its phagocytic activity, in that it not only agglutinated 
those strains which it caused to be phagocyted, but several 
other Type IV strains as well. The agglutinative reactions 
of the Type IV strains, and of some of the Atypical IT strains, 
as observed in these tests, were not as specific as were the 
phagocytic reactions. 

A special effort was made to detect any possible quantitative 
serological differences between different strains belonging to 
Type I. In two sera (Nos. 1, T: A., and 5, M. M., Tables I 
and IIT), both of which were but feebly active, the homolo- 
gous strain was somewhat more actively phagocyted than were 
the heterologous strains tested.* This is in accordance with 
the observations of Chickering * on agglutination in the serum 


*In two recent patients recovering from Type III empyema, 
not included in this series, the phagocytic activity of the serum was 
strictly limited to the homologous strain. 


of convalescents. He reported that in several instances “the 
first organism to be agglutinated was the homologous strain, 
and only later was the stock strain agglutinated.” Different 
strains may differ considerably in their phagocytability in the 
same serum. Thus, in one series of tests with stock Type I im- 
mune serum, strains S and R were phagocyted in 1 to 48 dilu- 
tion ; strains V and B in 1 to 24 dilution; while T and F were 
phagocyted only in a 1 to 12 dilution. When an active human 
serum was titrated in increasing dilutions with several differ- 
ent Type I strains, the highest titre was usually obtained with 
those strains which were most readily phagocytable in any 
Type I serum rather than with the homologous strain. Al- 
though such specific strain differences undoubtedly exist, they 
must be relatively slight, and it is not always possible to 
demonstrate them conclusively. 

The activity of immune serum of the various types on most 
of the strains studied was also observed, and some of the 
results are recorded in Tables [V and V. The same complete 
specificity is observed here, except in the agglutinative action 
of Type II serum on Atypical Type II strains. Type II 
serum in a concentration of 1 in 3 and with an incubation 
period of about 30 minutes caused agglutination of all the 25 
Atypical IT strains tested. However, Type II serum was much 
more specific in its phagocytic reactions toward these strains. 
With only two strains was any definite phagocytosis observed ; 
and this was much less active than was the phagocytosis of 
typical Type II strains.* 

The Atypical Type II strains were actively phagocyted and 
agglutinated by an immune serum corresponding to the par- 
ticular subgroup to which they belong, but were not affected 
by serum corresponding to the other subgroup or to any strain 
not belonging to their subgroup. 

This test, therefore, offers an additional simple method 
for the differentiation of typical Type II and the various 
Atypical II strains, and has proved to be of practical value in 
the case of certain Atypical II strains, which were agglutinated 
macroscopically in Type II serum in dilutions of 1 in 32, and 
even in 1 in 64, though somewhat more slowly that Typical 
II strains. 

The existence of other undescribed subgroups among the 
Atypical II strains is indicated by the fact that an immune 
serum prepared with a strain from a case of empyema, which 
did not fall into either Subgroup A or B, caused phagocytosis 
and agglutination of one other Atypical II strain. 

As to the properties of the active substance which stimulates 
phagocytosis in these human sera, the observations previously 
reported by the writer have been confirmed. They are in the 
main thermostabile. In eight of nine cases tested, serum 
inactivated for 20 to 30 minutes at 56° C. retained its activity. 
When the heating materially exceeded this, either in duration 


* Several other Atypical II strains, after their resistance to pha- 
gocytosis had been lowered by cultivation on artificial media for 
a considerable period, also acquired a slight degree of phago- 
cytability in Type II serum. With the two exceptions noted, how- 
ever, all strains when tested shortly after isolation were not 
phagocytable in Type II serum. 
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TABLE I 


PHAGOCYTIC AND AGGLUTINATIVE REACTIONS IN THE SERUM OF PATIENTS WITH LOBAR PNEUMONIA, TESTED WITH THE 


HOMOLOGOUS STRAIN OF PNEUMOCOCCUS 


Tests during acute stage | 
Source of } 1} || phagocytic 
No. Name } Result Days be- || Result Days || Remarks 
strain Day of || tore crisis, atter activity of 
sease ysis,or || | crisisor, 
Aggn. death | Phag.| Aggn. lysis | 
1 | Sputum I L a || .. ‘ + 0 
| | +8 0 8 
2 | Sputum I Cc 16 + +8 | + + 
} | + + 
3 | Sputum I L || o | ye] ge] | 
| + +2 | +3] +8 19 || 
4 8., J Sputum 9 0 0 +8 inactive 
| + + 4 |} 11 days after lysis. 
0 0 1} 
5 | Sputum I L || o| o | oo | | 
6 | Sputum I || o| o +0] || 
7 | Sputum I L ll 0 0 +2 +8 || 
8 ,W. Sputum I L 10 0 0 | +3] +8 
9 | Mek., C. Empyema I L +3 | +8 | || 
10 | R., J. Sputum I Cc 11 || 0 +8 12 || 
11 | G.,N. None obtained| (I) Cc 6 1 ee os + +2 12 |} Tested with stock Type! strain. 
12 | B.C. None obtained) (I) L 12 i 0 0 | +? +8 1 | Tested with stock Typel strain. 
13 | W., H. Blood, Sputum) I | +3 | 10 
4 w., G. Blood,Sputum| I Cc 8 || Oo 0 +3 +8 3 || This followed 4 days after a 
0 11A pneumonia. No. 33. 
16 | T..C. Sputum I C S il eo + +3 | 1 | This followed 3 days after a 
| s L | n || Nat rested till 11 days aft 
16 B., utum I os | 0 Not tested till 11 days after 
. | 0 0 16 || lysis. 
17 W., M. Sputum I *L 7 | Oo 0 | 0 0 2 || Clinically broncho-pneumonia. 
= Sputum : } | oe oe following aspi- 
| F., J. oe oe ration. 
|2W. Sputum I D 9 || 0 ee 
21 Sputum I D 2 || 0 
| 8.,F. Sputum L || | +3) +8 
23 M., T. Sputum L? ? oe Bee +3 ? 
24 D., H. Blood, Sputum Cc +8 4 
6 (c,d | None obtained| Cc 9 |} 0 0 0 | 4 +8 1 Type IV from sputum 8 days 
| +3 ll after crisis. Tested with 
| stock Type Il. 
Sputum (IV) L 9 +3 1 Phagocytable from sputum. 
| Tested with stock Type II. 
27 L., 8. Sputum (IV) L 13 || 1} +38 1 Type IV from sputum. Tested 
2 | 0B. Sputum L 9 | | 4 
utu ee 
29 H Sput 3 42 | 
co utum | 
30 | C., C. Sputum D 7 
31 | Sputum Cc +2] +8 5 
32 B., W. Sputum Cc +2) +2 14 
33 | G. Blood, Sputum 7 || 0 +3 | +8 | 5 | See No. 14. 
3 | B. Blood, Sputum L | +3 6 | 
35 «S., T. utum 9 | + 5 | 
36 | McC., G. (See remarks) c 8 | | 43] 48 Phagocytable LY trom. um. 
| | | w oc! 
| Blood, Sputum D 9 || 0 e .. | 
39 D., W. Sputum Cc 3 |i cals 0 0 3 Not tested in concentrated 
| B,J. Sputur. L 8 0 0 2 | 
1 | L,8. Sputum L 13 0 0 | +2 +3 1 | See No. 27. 
42 W., H. Sputum Cc 7 ee es | +3 +8 8 | 
43 N., A. Sputum L s it | +8 ? 3 
44 | W., Blood, Sputum| D 21 || Oo 0 | 
| +3 48 | 
| +8 +5 
| BW. Sputum L - | 0 | Not tested in concentrated 
serum. 
46 | No» H. Sputum D 8 0 0 | on o | 
TABLE II 
SUMMARY OF PHAGOCYTIC REACTIONS IN THE SERUM OF PATIENTS WITH LOBAR PNEUMONIA 
Additional | Reactions of serum during acute sta 
Reactions with serum from convalescent patients (lobar pneumonia). | casestested | Total | * hose — . Reactions of serum from patients 
Cases tested with the homologous strain with stock positive) from ee who subsequently died 
strains. 
Positive Positive No. Positive | ‘Negative Positive Negative 
ae 13 2 15 3 s 0 4 
1 1 0 1 
5 5 0 } 3 1 1 
Type Atyp. II....... 6 2 8 0 2 0 1 
28-85% 5 34 317% | 15-88% | 1-124% 7-814% 


* These three specimens were obtained on the day before crisis. 


174 JOHNS HOPKINS HOSPITAL BULLETIN [No. 340 


or height of temperature, the activity was lessened or destroyed. more marked, was usually present in higher dilution, and 
The serum usually remained active in vitre for several weeks, persisted longer in vitro than did the phagocytic activity of the 
though it gradually weakened in activity. In two cases, serum, serum. In one case agglutinative activity was observed to 
which in the fresh state was feebly active, lost its activity precede the development of phagocytic activity. However, 
after from two to four days. Nearly all the sera, however, the observations with reference to this point were not suffi- 
remained active throughout the period during which they were cient to determine which type of activity is usually the first 
under observation, which varied from a few days to four to appear. 

months. 

SUMMARY 


If the serum had become inactive or feeble as a result of 
overheating, long preservation or dilution, the phagocytic 
activity could not be restored or increased by the addition of 
complement. The substance is, therefore, quite different from 
the active substances (opsonins) of fresh normal serum, and 
corresponds to the bacteriotropins as defined by Neufeld.” 

The active substance was present in the serum in relatively 


Of 33 cases of acute lobar pneumonia in which the phago- 
cytic activity of the serum after crisis or lysis was tested 
with the homologous strain of pneumococcus, 28, or 85 per 
cent, gave definitely positive results. These results confirm 
and extend those previously reported by the writer. 

In 26, or 79 per cent, of these cases agglutinative activity 


small amount. In a majority of the sera tested as to this was also demonstrable. 

point, no phagocytosis occurred if the concentration of serum In 18 cases in which definite phagocytic activity was demon- 
in the mixture was less than 1 in 3. In a few cases it was strable in the serum after recovery either for the homologous 
active in a 1 in 6 dilution, and in one case in a 1 in 12 strain or for a stock strain of known type, tests were also made 
dilution. with serum obtained during the acute stage of the disease, and 


negative results were obtained in 15. The three sera which 


These bacteriotropins, as well as the agglutinins, were 
showed phagocytic activity were obtained 24 hours or less 


precipitated from immune serum with the euglobulin, on the 


addition of 36 volumes per cent of saturated ammonium sul- before crisis. © 
phate solution. The euglobulin fraction of the precipitate, Serum was also examined from seven patients who subse- 
redissolved in salt solution and freed from an excess of am- quently died of the disease, and negative reactions were ob- 
monium sulphate by dialysis, caused marked phagocytosis and tained in six. A positive reaction was obtained in one patient, 
agglutination. The pseudoglobulin fraction of the precipitate, who, after a short remission, died apparently of sepsis and 
obtained by the further addition of saturated ammonium sul- endocarditis. 
phate solution to give a concentration of 44 volumes per cent, This phagocytic and agglutinative activity of the serum 
was likewise redissolved and dialyzed, and was found to be developed after the recovery from infection with pneumococci 
inactive, as was the dialyzed supernatant serum from which of all the recognized types. It was strictly limited to organ- 
the globulins had been removed. In this respect, therefore, isms of the same type as that with which the patient was 
the bacteriotropins resemble most other antibodies which infected, but, as a rule, was exerted equally well on the homo- 
have been similarly studied. logous strain and on heterologous strains of the same type. 
These bacteriotropins are probably not identical with the It is, therefore, specific as to type, but not specific as to strain, 
agglutinins. In two sera in which definite phagocytic activity as the writer originally believed. 
was demonstrable, no agglutination whatever occurred. As The agglutinative activity of the serum as observed in these 
a rule, however, the agglutinative activity of the serum was tests paralleled closely the phagocytic activity. In the case 
TABLE III 


PHAGOCYTIC AND AGGLUTINATIVE REACTIONS IN THE SERUM OF PATIENTS RECOVERING FROM TYPE I INFECTION, 
TESTED WITH HOMOLOGOUS AND HETEROLOGOUS TYPE I STRAINS 


Strain of pneumococcus— Type I 


| 


one 


Serum | 


T., A. R., C. Is. J.|M., M.| P., P. P., C. 


M.,W./MeK. J. B.,H. W.,M. Se. | Joh, Fen, MeC. | Mt. | For. 


| 
+3 | +3 +3 +3 +3 | +3) +3 +3) 43 43) 43 43) 43 +3) 43 43/43 43/43 43/42 +43 42 +3 +3) +3 +3) 43 +38 
0 0/0 


+ +2) +2 +543 42 43 4 +3 + +2, 43 +3 43/42 +3 +2 +3) +2 +3 +5 


Serum, R.. 


Serum, Type I (immune).! +3 0 
Serum, Type II\immune)) 0 0 | +3 0 |9 0/0 0/0 0/0 01/0 0 vi0 01/0 0/90 0/0 0 
Serum, V. | 0 +5 + +343 4390 4+4....... 0 +274 +24 4542 +9143 43/0 42) +2 +8 
10 
| 0 


~~ ‘Phe first figure in each column represents phagocytosis, and the ‘second agglutination. — 


319M QE} SIG) Ul [[Y 19738 oy? PIT SEM UINIIS SIG], 


91 UUIN[OO Yous Uy 
| 
Ost etiet OF" II ‘uinsag 
0 0 0 e+ . 0 0 | 0 vill? AL wniag 
0 0/0 0/0 et stet ct ct et let 0 0/0 VII 
+ + et 
| 4098] 
st Ost Oct +et Ost Okt Ot Olt Ot Ot 0/0 O let et! O addy 
0 0/0 0,0 0/0 “10 0/0 0/0 010 0/0 Of addy ‘unsag 
| st) | 
| 
+10 01/0 010 0/0 0/0 010 0/0 0/0 0/0 0/0 0/0 |*** 
| | adAY, Gy 31919 
eae | | ac = aS 3 a3 as as ae 
355 2° | » | 8 3 g°8 3° 33 | 8 3 3 3° 38 | 33 
wu ll | | OW OM | alt | Il vl | 
|-abby | | a vil Il Il | vil | Vil. | | vin | Vin | Vin | mm II 1 uyesys Jo 
Jo 


SUdAL SNOIUVA 40 ‘NI SNIVULS Il AdAL JO NOILLOVGY GNV OILAODODVHd 
A 


IIe puooaes ay} pus #1803490 Yous UF saandy 


| 
0 0) 0 0 0 0 . wee 0 0 0 ll . Ua 
0 0 0 0 ojo Olt et + 0 
0 eee . 0 0 eee 0 0 f wnieg 
0 0 0 10 0 f 
osee 0 0/0 0/0 0 0/0 oT’ | 0 0 
0 0/0 0 0 00 0 0 0/0 | et ot 
| 
ail | Vil | Vil | Vil | Vil | Vil Vil Vil Vil | Al Al Al Al Al AI Al Il II Il II I 
: | | uyesys jo 
| 
JO 


SAdAL SNIVULS HLIM ‘NIVULS SN0DOIOWOH HLIM 
GALSAL ‘Il IVOIdALV GNV ‘AI ‘Ill ‘Il SHdAL HLIM NOILLOGANI SLNGILVd JO AHL NI SNOILOVEY AAILVNILOIODV OLLAOODVHd 


AI 


176 


of Atypical II and of Type IV strains it was not so sharply 
specific as was the phagocytic activity. 

This phagocytic activity is entirely different from a possible 
rise in opsonic index, in that it brings about active phago- 
cytosis of a virulent pneumococcus, not at all phagocytable in 
normal human serum. 

The active substances in the serum also differ from the 
opsonins of normal serum in that they are usually thermo- 
stabile; they usually remain active for several weeks in serum 
preserved in vitro ; and when their activity is lost, they cannot 
be reactivated by fresh normal serum (complement). They 
are therefore qualitatively comparable with the bacteriotropins 
of potent immune serum. 

In view of the facts: (1) That this activity of the serum 
develops in nearly all patients who recover, but only appears, 
as a rule, at or near crisis; (2) that it is limited to organ- 
isms of the same type as that with which the patient is in- 
fected; (3) that, as previously reported, the “ phagocytic 
activity of the serum ran closely parallel with the protective 
power for mice, both in incidence, in time of appearance and 
in strict specificity as to the type of pneumococcus con- 
cerned ”; and (4) that phagocytosis in the peritoneum of the 
protected mouse closely paralleled phagocytosis in the test- 
tube; it seems probable that this factor plays an important 
part in bringing about recovery in man. 

The part played by agglutination in immunity to the 
pneumococcus in animals has been emphasized by Bull,” and 
in all probability it is also an important factor in human 
immunity. 

That other factors are also concerned is indicated by the 
death of one patient from sepsis, despite the previous devel- 
opment of phagocytic and agglutinative activity in his serum ; 
and by the fact that in several instances pneumococci, which 
had been cultivated from the blood of patients dying of pneu- 
monia, were phagocytable in normal serum or even spontan- 
eously phagocytable in salt solution. 

The clinical value of the test will not be great as a method 
either of diagnosis or of prognosis, since the reaction develops 
only when recovery sets in. In cases in which as a matter of 
scientific interest it is desirable to determine the type of organ- 
ism concerned in a recent infection, the development of a 
positive reaction either with a stock pneumococcus of known 
type or with an homologous isolation, would furnish practi- 
cally conclusive evidence that this organism was the etiological 
agent concerned in the disease. _ 
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THE DEVELOPMENT OF CROSS-STRIATIONS IN THE HEART MUSCLE 
OF THE CHICK EMBRYO 


By Margaret Lewis 


The results obtained by different observers in regard to the 
development of the cross-striations in muscle-fibers differ so 
decidedly that one is forced to question whether any one of 
the views presents the entire story. Even though the discus- 


sion be confined to the development of this structure in one 
organ and to one form, as, for instance, the histogenesis of the 
myofibrils in the heart muscle of the chick embryo, it is 
found that, although the papers published are few in number, 


| 
| 
| | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


JuNE, 1919] 


JOHNS HOPKINS HOSPITAL BULLETIN 


177 


they nevertheless differ fundamentally from each other. In an 
effort to determine, if possible, the reason for these differences, 
a careful cytological study of the development of the heart 
of the chick embryo was undertaken. For this purpose prep- 
arations of embryos varying in age from 10 myotomes to four 
days incubation were made by a number of different methods. 
The astonishing result of the study of these was that one 
particular procedure always resulted in the presence of com- 
plete cross-striations in the heart, whether in very young 
embryos (10 to 15 myotomes—about 28 to 30 hours), or in 
older ones (two to four days). 

Heidenhain (1899), in his Fig. 13, showed that the heart of 
a goose embryo of 3 days incubation contained many com- 
pletely cross-striated myofibrils of different thicknesses, which 
stained with varying depth of color with iron-hematoxylin. 
Schlater (1907) contests this point, and although he finds 
that a few cross-striated myofibrils are located in the heart 
of chick embryos as early as 24 days incubation, the pat- 
tern of these cross-striations is not the same as that given by 
Heidenhain. Even in embryos as old as seven days Schlater 
failed to demonstrate the z-band, although he presents figures 
of many long myofibrils extending through several cells. He 
is not the only observer who was unable to find this band: 
Rouget (1863), Wieman (1907), Mlodowska (1908), Kur- 
kiewicz (1909), Levi (1916) and Bruno (1918) show no trace 
of it in any of their figures. Duesberg (1910), however, 
observed the z-band in the heart muscle, as well as in the 
skeletal muscle. He describes the development of the myo- 
fibrils only very briefly. He states that it takes place in the 
heart of the embryo chick in the same manner as in the skele- 
tal muscle, except that the myofibrils of the former are differ- 
entiated very muck earlier than are those of the latter, as he 
has observed completely cross-striated myofibrils in the heart 
as early as the third day. In his Fig. 5 (Duesberg, 1910), 
a section through a chick embryo of 11 to 12 somites, there are 
no myofibrils shown. 

Rouget (1863), Kurkiewicz (1909), Levi (1916), and 
Bruno (1918) also distinguished the. cross-striations at an 
early stage, but each of these observers demonstrates the 
same pattern as that presented by Schlater. The young- 
est embryo observed by Rouget was of 36 hours incubation. 
In his figures the myofibrils found at this early age have 
the same type of cross-striation as that represented for a 
four-day embryo. In neither: is the z-band shown. Kur- 
kiewicz depicted cross-striated fibrils in his drawings of the 
heart muscle of a 2}-day embryo. Levi (1916) described 
the occurrence of fibrils in fixed preparations of cells grown 
out from pieces of the heart of a three- to four-day chick 
embryo explanted in plasma. In his figures most of these 
fibrils are smooth, others are varicose and a few are cross- 
striated. The z-band, however, is lacking in all. The latter 
is also true for the observations of Bruno (1918) carried 
on in the same laboratory. Bruno, however, found rather 
long varicose fibrils in the heart of embryos of 10 somites. 
Although Meves (1908), previous to Duesberg, concluded 
that the fibrils of the heart muscle are differentiated from 


| 
| 
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mitochondria, he nevertheless failed to indicate the presence 
of cross-striated fibrils in the heart of young chick embryos. 

Ferguson and Jordan (1916, Fig. 102, page 95), show a 
group of myoblasts from the heart-muscle syncytium of a 48- 
hour chick embryo. This figure contains no evidence of cross- 
striation, although at this age such structures are numerous. 
Instead there are present in the cell various black granules 
and long black or gray threads, stated to be “ myochondria, 
mitochondria and myofibrils.” 

Wieman (1907), apparently the first investigator to study 
the histogenesis of the myofibrils in the heart muscle of the 
chick embryo, obtained results quite different from any of 
the above authors. By means of a special technic, he found a 
definite reticulum in the muscle-cell. This network (cytore- 
ticulum) is largely concerned in the development of the cross- 
striations, and in order to accept Wieman’s view in regard to 
the formation of the cross-striations it is necessary to acknowl- 
edge his premise that such a network exists in the muscle-cell. 
In the past few years it has come to be accepted by most cytol- 
ogists as an established fact that such a reticulum is not 
normal. This has been shown for fixed muscle material by 
Duesberg, Luna, Meves and many others. Moreover, it has 
been demonstrated by Lewis and Lewis (1917) that the living 
muscle-cell is not reticular. 

A consideration of Wieman’s figures suggests a quite differ- 
ent conclusion than that arrived at by him. At 30 hours (a 
period when the heart muscle can be shown to contain many 
cross-striated fibrils) he depicts a somewhat round cell with 
no trace of cross-striation, but instead, a network (cytore- 
ticulum). At 126 hours, at the time when the cross-striated 
fibrils are numerous, the cell is figured more elongated and 
with the network arranged in longitudinal bands. From these 
figures it is possible to conclude that the two cells represented 
the effect of coagulation under different degrees of stretching. 
However that may be, Wieman’s paper is carefully worked out 
and seems to exhaust the subject from this particular stand- 
point, especially so in view of the fact that more modern 
studies of technic have determined that such a reticulum does 
not exist in the living cell, but is the result of coagulation. 
For this reason it is rather surprising to find that Congdon 
(1918) has taken the subject up again from a somewhat sim- 
ilar point of view. Instead of a cytoreticulum, Congdon 
(p. 147) expresses this structure in terms of “ three systems of 
membranes each parallel among themselves which intersect 
to form hexahedral compartments.” At all intersections of the 
three planes he claims to find small, uniform mitochondrial 
granules. It is questionable whether these granules are mito- 
chondria, since he misinterprets several types of granules sup- 
posed by other observers to contribute to the formation of the 
fibrils. For instance, he claims that Godlewski (1902) found 
the mitochondria to be concerned in the development of the 
fibrils, when it seems evident from the fixatives employed by 
that author (sublimate, sublimate acetic, acetic alcohol, etc.) 
that all the mitochondria were probably destroyed. 

Thus a review of the literature on the histogenesis of the 
myofibrils, confined to the narrow field of the heart-muscle of 
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the chick embryo, brings to light a number of divergent views 
upon this subject. The origin of the myofibril has been at- 
tributed to a row of granules (Kurkiewicz), to the differen- 
tiation of the mitochondria (Duesberg), to a network (Wie- 
man) and to a system of hexahedral compartments (Cong- 
don). Most of the observers failed to demonstrate the z-band. 
Heidenhain and Duesberg found completely cross-striated 
myofibrils in the heart muscle as early as the third day. These 
two writers differ, however, in their view as to the origin of 
the fibril. 

‘he experiments given below show that the complete cross- 
striations can be demonstrated to be present in the earliest 
heart, i. ¢., about 10 myotomes or 28 to 30 hours’ incubation. 
Tn other words, cross-striations are already present at the age 
when certain observers demonstrate the appearance of gran- 
ules, the formation of a network, the elongation of mitochon- 
dria, ete., from which they claim that the cross-striated fibrils 
are later derived. 

METHOD 

When the heart of a young embryo (up to 3 days) is fixed 
under the microscope it can be seen that practically any 
method of fixation will show the cross-striated fibrils at some 
stage of the process. Many of the solutions, especially those 
containing acetic acid or other coagulative reagents, rapidly 
cause distortions which partially or entirely obscure the cross- 
striations. Zenker’s solution without acid (potassium bichro- 
mate 2¢+sodium sulphate 1%¢+corrosive sublimate 5¢) with 
the addition of a little osmic acid just before using was found 
to be the most successful. However, the secret is not in select- 
ing the proper solution, for any one of these may give poor 
results if an added factor, the extension of the muscle, is 
neglected. The heart may be extended in various ways—by 
injection, ete.—but the simplest and most easily controlled 
method is by means of the weight of the coverslip. The pro- 
cedure for the chick embryo heart was as follows: The egg 
was opened, the blastoderm cut around and lifted off into a 
dish of Locke’s solution. In this the vitelline membrane was 
removed, the blastoderm shaken free from yolk and floated 
yolk-side down upon a coverslip. If the preparation was to be 
stained, or if very clear cells were desired, the membranes were 
dissected away from around the heart. In the very young 
embryos (10 myotomes), in which the heart is only a short 
tube in the midventral line and it is impossible to determine 
to which side it will extend when subjected to pressure, the 
membranes on each side of the head were taken away, the 
excess fluid was removed and the coverslip then inverted on 
to a drop of fixative (Zenker without acid to which a little 
osmic acid had just been added) on a slide. This fluid was 
rapidly withdrawn by means of two pieces of filter paper until 
the weight of the coverslip slightly flattened the heart. Care 
was taken to avoid crushing the embryo. The preparation was 
at once studied under the microscope with the oil-immersion 
lens and No. 6 ocular. The cross-striated fibrils appeared 
rapidly and could be observed more readily in this way than 
when stained. Such preparations keep for days, provided the 
coverslip is sealed with vaseline to prevent drying. 
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For studies upon the living muscle the method was the same, 
except that a drop of Locke’s solution was used in place of a 
fixing solution. In such preparations contraction continued 
for an hour or longer and no fibrils were formed. 

When vital stains were used, these were added to Locke’s 
solution. The heart was first injected op the coverslip with 
the solution containing the vital stain, and afterwards 
mounted in a drop of the same solution. In these preparations, 
also, the heart continued to contract and no fibrils were formed 
during that period. None of the preparations were sectioned, 
but were always observed in the total mounts, either living 
or fixed. 


OBSERVATIONS UPON FIXED PREPARATIONS 


It was difficult to distinguish the heart-muscle cells. before 
the heart formed into a single tube (about 10 myotomes) and 
no effort was made to do so. At this early age it was already 
composed of an outer layer of flat cells, a middle layer of 
muscle-cells and an inner layer of endothelial cells. In the 
fixed preparations of the heart muscle, the cell boundaries 
could seldom be determined. The muscle tissue of the heart 
of the youngest embryo appeared to be more or less a syncy- 
tium. Certainly in the embryos of 12 myotomes and older 
there was no doubt but that the fibrils passed across several 
cells, and that the fixed tissue formed a syncytium. 


MYOFIBRILS IN FIXED TISSUE 


As the heart matures there is a gradual increase in the 
number of the fibrils which appear upon fixation. In the heart 
muscle of a chick embryo of 10 myotomes only a few fibrils 
were formed ; in those of from 15 to 18 myotomes a number of 
such structures appeared ; in those of from 20 to 22 myotomes 
the fibrils were numerous; while in older embryos the heart 
became full of fibrils, passing in every direction. They were 
of varying widths in all ages of heart-muscle tissue (Fig. 5). 
Occasionally they were very thick, at times almost the width 
of the cell ( Fig. 3) ; but usually they were narrower, sometimes 
about the width of a mitochondrium. In the muscle of the 
older embryos the fibrils formed were more uniformly narrow 
threads, while in that of the young embryos there were great 
divergences. None of the extremely narrow fibrils described 
by Heidenhain were distinguished. That writer claimed that 
a higher power of the microscope always demonstrated a still 
more delicate fibril, until the magnification at his contro! was 
exhausted. This may be shown by means of sections, but was 
not evident in my preparations. The fibrils were most fre- 
quently straight or only slightly bent, but in certain places 
they became curved with the outline of the cell. They were 
never wavy or undulating, except in poorly fixed preparations. 
They extended for long distances across a number of nuclei 
and passed in various directions across each other. The fibrils 
possessed depth when focussed and were not difficult to observe ; 
they were also found at different depths of the focus. 

After many observations upon each of the embryonic ages 
enumerated above, it became evident that there was a gradual 
accumulation in the cell of some substance which appeared as 
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PLATE Xxlii 


Fic. 1.—A photograph of a chick embryo of 10 somites in which a num- Fie. 2.—A photograph of a chick embryo after 48 hours incubation. This 


ber of completely cross-striated myofibrils are present in the heart. 


embryo had 22 myotomes. The heart muscle was full of cross-striated fibrils. 
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Fig. 3.—A camera drawing from the heart of an embryo in which the tenth somite was just Fig, 5.—Camera drawing of a small portion of a few fibrils to show 
completed. The nuclei were below the surface and their presence is only slightly indicated. the different width of fibrils found in a given region of the heart 
Zenker without acetic acid plus a few drops of 2 per cent osmic acid. Unstained. Zeiss No. 6 oc. muscle of a chick embryo of 15 somites. 
and 2 mm. lens. 
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Fic. 4.—A camera drawing of a few of the fibrils in a given region of the heart of the embryo shown in Fig. 2. There 
were more fibrils present than are shown in the drawings. Fixation as above. Stained with iron-hematoxylin. Zeiss No. 6 
oc, and 2 mm, lens, 
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fibrils upon fixation. Whether these fibrils became cross- 
striated, varicose, or smooth, or whether they were broad or 
narrow, depended entirely upon the treatment to which they 
had been subjected. 

Stained preparations were much more difficult to control. 
Many of the stains diffused across the cross-striation ; in other 
cases, much of the substance of the cross-striation, but not of 
the fibril, was dissolved out in the process of dehydrating and 
staining. The unstained preparations were so satisfactory 
that little experimenting was done with stains. Fig. 4, how- 
ever, is drawn from a preparation successfully stained with 
iron hematoxylin. 

The embryo was occasionally mounted in a drop of Locke’s 
solution and the fixing solution permitted to penetrate under 
the edge of the coverslip. By this means the formation of the 
fibril could be observed under the microscope. In this way it 
was found possible to control the phenomenon and to produce 
various types of fibrils at will, thus showing that the form 
assumed is due to factors present during the fixation of 
some substance in the muscle tissue. 

From the above it may be seen that by the use of Zenker’s 
solution (without acid, and with the addition of a little osmic 
acid) and fixing with the muscle slightly extended, com- 
pletely cross-striated fibrils are formed in the heart of the chick 
embryo at the early age of 10 myotomes. Many of the dis- 
crepancies of opinion shown by the above-mentioned writers 
were evidently due entirely to the lack of extension of the 
heart muscle, while others depended upon the fixing solu- 
tion selected. 


CROSS-STRIATIONS 


The simplest method of designating these cross-striations 
seemed to be the dark band, the light band and the gray band. 
When the wing muscle of the house fly was fixed side by side 
with the embryo heart, there was a marked resemblance between 
the pattern of the cross-striations of the two tissues. Text Fig. 1 


{Dark Zz Krauses membrane 

Light J une aline Substance 

Gray 2 = Sarcous Substance. 
Light J oline. Subst 

Back z membrane 


Text Fic. 1.—A diagrammatic representation of the pattern of — cross-striation 
found in the heart muscle of the chick embryo of 10 somites. The terms used to 
indicate the different parts of the cross-striations are placed opposite the part. 


shows the manner in which the various terms used by other 
observers may be applied in these observations. The most pro- 
nounced part of the cross-striated pattern was the light band. 
This band was lighter than the cytoplasm and probably was 
composed of some substance which upon fixation did not 
become as dense as that of other portions of the cell. The dark 
band was much darker than any other structure of the cell and 
was probably quite dense. The gray band was practically the 
same as the cytoplasm. The dark band was never seen without 
the adjoining light band on each side. In certain rather round 
cells the fibrils could not be found, but the dark and light 


bands were present and sometimes appeared to be scattered 
dark granules of uniform size, surrounded by a light area. 
From Congdon’s figures it might be supposed that what was 
present in his material were not hexahedral compartments, 
but some such appearance as this. In his Fig. 2 the dark band, 
or granule, and the adjoining light bands are so spaced as to 
require little imagination to form them into such cross-striated 
fibrils. 

Occasionally the cross-striations extended entirely across a 
cell without the presence of fibrils. These cross-striations were 
meager in depth and difficult to focus. The gray band was not 
noticeable as a special structure, but the regular space between 
the two light bands indicated its presence. The dark and light 
bands, however, were striking contrasts to other parts of the 
cell. Their appearance remained practically the same wher- 
ever found. The whole cross-striated fibril retained its char- 
acteristic appearance, whether widely spread out or only a 
narrow thread (Fig. 4). 

The observations described above are based entirely upon 
fixed material. They show that the completely cross-striated 
fibrils can be demonstrated to be present at an age younger 
than that found by any other observer and also that they are 
already present at the time when these observers describe 
the presence of certain granules, threads, etc., from which 
the cross-striations are supposed to be derived later. 

The presence of some substance which coagulates to form 
fibrils has been shown by Lewis (1919) to be characteristic 
of the smooth muscle, the heart muscle and the skeletal 
muscle. The same phenomenon is exhibited by these young 
embryos ; 4. é., fibrils form upon fixation in the smooth muscle 
of the amnion, in the heart muscle and in the skeletal muscle. 

In all probability the cross-striations are laid down in the 
heart muscle-cell coincidently with the differentiation of these 
cells to form the muscle layer around the heart. This sub- 
stance coagulates to form fibrils. It increases in amount in the 
cells during the development of the heart, with the result that 
the cross-striations become clearer and clearer, and the number 
of fibrils which can be caused to form becomes greater. With 
the increase in depth of this material along the surface of the 
muscle-cell the pattern of the cross-striations becomes less 
readily distorted upon the formation of the fibrils. Since it 
can be demonstrated by one procedure that the fibrils are 
completely cross-striated from their first appearance it is 
logical to assume that other methods fail to preserve these 
structures in their early form. For this reason, it is not neces- 
sary to discuss which theory so far advocated as to the origin 
of these interesting bodies is correct. 


LIVING HEART MUSCLE TISSUE 


Needless to state, the various aspects presented by the heart 
tissue as described above, including those observed by the sev- 
eral investigators mentioned, do not correspond to the ap- 
pearance of the living tissue. This might readily be surmised 
if for no other reason than that one is dead and the other 
living. When preparations are made by the same method as 
that specified herein, except that in place of a fixing solution 
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a drop of Locke’s solution is used, very thin living hearts are 
obtained and these continue to contract for an hour or longer. 
The most noticeable feature of such tissue is the complete lack 
of fibrils of any type. 

The muscle-cells are not spread out into a flat layer as in 
the fixed preparations, but remain rather round or spindle- 
shaped, and because of this it is very difficult to determine 
whether there are processes between the cells or not. Certainly, 
the cells do not appear to form a marked syncytium. 

In these observations on the living heart several embryos 
with 11 myotomes were studied, and as many as six of each 
of the different ages of older embryos (12, 15, 18, 20 and 22 
myotomes). The muscular tissue of the hearts of embryos of 
from 12 to 15 myotomes appeared to be essentially the same. 
In that of older embryos trabecule began to appear. The cell 
walls were distinguishable in places. Sometimes only a single 
cell in a given field showed contraction. Again, all the cells 
of a given region took part in the same contraction. The 


continued movement of the cells made it difficult to trace their . 


individual boundaries. The tissue of the heart of older em- 
bryos (from 15 to 22 myotomes) appears to be more syncytial 
in nature. No preparation of a living heart was obtained in 
which contraction did not occur. The movement of these 
muscle-cells takes place so rapidly that it is almost impossible 
to be certain of the actual occurrences during the phenomena. 
In none of the hearts observed (about 50) was there any 
evidence of a slowing of the actual contraction. The rest 
periods became longer and longer, the number of contractions 
fewer and feebler, but the last contraction that took place was 
as rapid as any of the previous ones and in every case relaxa- 
tion occurred after each contraction, even the last one. Rigor 
mortis was not observed. 


MYOFIBRILS 


No structure resembling the fibrils of the fixed preparation 
was present in the living heart muscle at any of the ages 
studied. In fact there were no long threads of any kind, not 
excepting the mitochondria. The latter did not extend far- 
ther than past the region of the nucleus, and were never seen 
to extend from one end of a cell to the other, or to pass from 
one cell to an adjoining cell. Certain preparations of pieces 
of the heart of four- to six-day embryos were used for com- 
parison. No fibrils could be found even in this older heart 
muscle. 

MITOCHONDRIA 


The mitochondria were very abundant in the heart-muscle 
tissue of embryos of all stages up to four days’ incubation. 
They exhibited active movement, bending, twisting and travel- 
ing in the cytoplasm. The most frequent forms were those of 
threads and rods. The longest filament, however, never ex- 
tended the length of the cell. The long axis of a mitochon- 
drium usually coincided with that of the cell. In round or 
only slightly spindle-shaped cells, the mitochondria seemed 
to lie in almost any direction. The outer cytoplasm of the cell 
was not invaded by these bodies. 


When the heart of a 30- to 48-hour chick embryo was in- 
jected with Locke’s solution, to which janus green has been 
added, and the preparation then mounted in a drop of the 
same solution, the mitochondria in the muscle-cells became 
stained. In such stained preparations the mitochondria ap- 
peared as bright blue threads, rods and granules. Certain por- 
tions of a mitochondrium occasionally stained more deeply 
than the remainder. There were no elongated blue threads, 
either smooth or varicose, extending the length of the cell. 


NEUTRAL RED GRANULES 


Preparations stained with neutral red in the same manner 
as that described above for janus green contained few small, 
red granules. When such a preparation was sealed with vase- 
line and kept under observation many red-stained bodies ap- 
peared in the cytoplasm. Similar bodies were observed in 
a few unstained preparations which had been kept under 
observation for a long time. The stained bodies were mostly 
in the form of round vacuoles, with one or more deeply stained 
granules; a few active pink filaments, with darker granules, 
were sometimes observed. Owing to their accumulation in 
such sealed preparations these neutral red vacuoles appear to 
resemble the neutral red bodies supposed by W. H. Lewis 
(1919) to represent waste products of the cell. 


CROSS-STRIATIONS 


The cross-striations are difficult to observe, either in the 
hearts of young embryos (11 to 18 myotomes), or in those of 
older ones (two days), without the most careful search. The 
most active cells contain the cross-striations as parallel bands 
of light and dark material. They extend only so far as the 
surface of the cell is in the plane of focus, becoming lost as soon 
as the vision penetrates below the surface. They may consist 
of only five or six parallel bands, or.of as many as 10 or 12, 
again depending upon the plane of the surface. This is quite 
different from the fixed material, in which the cross-striated 
fibrils extend for long distances within the field of vision. 
In a few regions, such as along the side of the trabeculz, the 
cross-striations can be readily distinguished. Here they are 
arranged in the characteristic pattern, 1. e., dark band, light 
band, gray band, light band and dark band. 

The cross-striations were most readily observed in the liv- 
ing heart by the aid of janus green. In such muscle tissue 
they appear frequently as a blue band with an adjoining light 
band. These were either close together or separated by a space 
where the gray band was indicated. The blue band was un- 
doubtedly the dark band stained with janus green. In prep- 
arations which had been stained for some time the material 
between the two light bands (the gray band) also became 
slightly blue. In no instances were the cross-striations of the 
living material as marked as in the fixed preparations. This 
was largely due to the fact that they were never drawn into 
thicker bundles, 7. e., fibrils, but remained spread out over 
the surface of the cell. 
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SUMMARY 


Thus it is seen that in the living cell cross-striations are 
present, but not fibrils. The cross-striations are very thin bands 
They extend across the cell and 
The fixation of 


on the surface of the cell. 
are never in the narrow threads or fibrils. 
the cell causes the formation of the surface layer into fibrils 
in which the cross-striations are drawn together into deeper 
bundles and thus become evident as sharply marked structures. 
In places where the pull on the surface of the cell is such that 
the latter is not coagulated into fibrils, the cross-striations 
remain spread out as thin bands across the cell (Figs. 2 and 4). 

The complete cross-striations are present in the muscle of 
the heart of very young embryos (10 myotomes) much earlier 
than was supposed by other observers. 

The physiologists have endeavored without success to formu- 
late a theory, based upon the myofibrils, to account for the con- 
traction of the muscle-cells. It is not surprising that such 
a theory has not proved satisfactory, at least in regard to the 
heart muscle, since the structure upon which it was based is not 
a part of the living heart-muscle cell, but only of the dead cell. 
In other words, a cell containing the structure upon which it 
was attempted to build the theory is not capable of undergo- 
ing contraction. 
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SPINA BIFIDA WITH ASSOCIATED DISTURBANCES IN A HUMAN 
EMBRYO 17 MM. LONG 
By 8S. T. WALLIS CULL, 


The Johns Hopkins Medical School 


Human monsters at full term or in late fetal stages are seen, 
sooner or later, by almost every physician. Similar anomalies 
in very young embryos, such as the one described herein, are, 
however, not so well known. Dr. Mall’ estimates the frequency 
of full-term monsters as 30 to every 5000 pregnancies and 
gives a résumé of the protocols of 75 specimens showing local- 
ized anomalies (which he regards as the forerunners of monster 
formation) found among 1000 specimens in the Carnegie 
Collection of Human Embryos. This particular embryo (No. 
1961, Carnegie Collection) is, however, of especial interest 
in view of the fact that, although having a menstrual age of 
only 79 days, it presents abnormalities of brain, spinal cord, 
viscera and skeleton, generally supposed to be characteristic 


‘Mall, F. P.: On the frequency of localized anomalies in human 
embryos and infants at birth. Amer. Jour. Anat., 1917, XXII, 


49-72. 


only of much older monsters, The clinical history is briefly 


as follows: 


Parents white. Mother 42 years of age; has had five pregnancies, 
two of which ended at term, one child living (14 years), the other 
dying of “inanition.” The third, fourth and fifth pregnancies 
terminated in abortion, the last furnishing the specimen under 
discussion. The last menstrual period began on August 19, 1917, 
and lasted four days; abortion took place on November 6. As 
both parents were very anxious for another child the possibility 
of mechanical interference may be excluded. There is no history 
of venereal disease. The only clinical symptoms which the woman 
presented were severe nausea and vomiting immediately before 
and during the abortion. 


The gross appearance of the specimen is shown in the figure 
on p. 182, reference to which will enable the reader to under- 
stand better the following description. This is based upon 
a preliminary examination with a binocular microscope, supple- 
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mented by examination under higher powers of serial sections 
through the embryo. 

As seen in the ventral view, the embryo is normal above the 
level of the eyes. The latter are symmetrical, except that the 
left eye is placed slightly higher than the right. Microscopi- 
cally, the lens of each eye is found to be hollow, the retina 
and choroid much macerated, and pigment is scattered 
throughout the vitreous. The external nares are represented 
by two pin-point depressions asymmetrically placed, and the 
lateral nasal processes are but feebly evidenced. The mouth 
is of normal width and in correct proportional position, It is 
gaping, however, and an enlarged tongue can be seen. The 
medial and lateral palatine processes are likewise visible. The 
ears show a well-marked helix, with no evidence of the original 
tubercles. There is a faint antitragus, and the primordium 
of the crus helicis can be distinctly made out. Microscopically, 
the external auditory meatus and the Eustachian tube were 


Spina BIFIDA WITH ASSOCIATED DISTURBANCES IN A HUMAN EMBRYO 
17 mM. LONG. 


traced in section, but nothing could be made of the labyrinth. 
Taken as a whole, the face represents a development consider- 
ably in advance of that noted in the oldest of the human em- 
bryos described by Rabl in his “ Entwicklung des Geschichtes,” 
which measured 14 mm. vertex-breech, and was estimated to be 
36 or 37 days old. The face and ears, in comparison with 
other embryos in the Carnegie Collection, represent rather 
closely a stage of development corresponding to that of a 
normal embryo of the same length. Such embryos, according 
to the Mall curve, are about seven weeks old. From the degree 
of development of the head we may safely assume that 49 days 
is the maximum developmental age of this specimen. The 
discrepancy between this and the menstrual age, namely, 30 
days, undoubtedly represents the length of time the embryo 
remained in the uterus after its death, 

The arm buds show the transverse lines of division, and the 
contour lines of arm, forearm and hand. The hand pad shows 
the rays for five fingers, but progress toward digitation is not 
marked, Except for this, the arms correspond to the normal. 
The legs are disproportionately short for the general stage of 
development of the embryo, the foot pad showing practically 
no indication of beginning digitation. Study of the sections 
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shows that the cartilaginous shoulder and pelvic girdle are 
normal, but there is some stunting of the tarsals, metatarsals 
and phalanges of the foot pads. 

There is a small genital tubercle behind which the cloacal] 
membrane has disappeared, leaving the sinus patent. The tail 
bud has been absorbed until only a blunt cocceygeal eminence 
remains. ‘There is some slight indication of a urethral furrow, 
whereas, according to the tables of Keibel and Elze, this should 
be “ fairly deep ” in an embryo of 17 mm. 

Practically the whole ventral wall of the abdomen has 
undergone pathological changes, sloughed or been torn away, 
leaving the abdominal contents exposed. ‘The viscera of thorax 
and abdomen show extreme maceration and _ histolysis, but 
their main outlines are well in evidence. In sections the 
alimentary canal may be readily made out; the mouth, 
pharynx, cesophagus, stomach, duodenum and coils of gut 
can be followed throughout their length. The larynx, trachea, 
main bronchi and macerated portions of the lungs could also 
be followed through the sections. The heart has suffered in 
the general maceration, but one chamber for auricles and one 
for ventricles can be clearly made out. The bulbus and first 
part of the aorta were traced, but no vessel was found leading 
from the latter. The liver was in a state of extreme maceration, 
but masses of liver tissue could be traced in sections, and also 
some vascular attachments connected with them. 

The mesonephros is fairly well preserved, and there are 
discrete masses of badly macerated tissue occupying the posi- 
tions where the suprarenals should lie. No evidence of a 
bladder or any of the urogenital ducts can be found. The same 
is true of the spleen and pancreas. There is widespread de- 
struction of the vascular system; not even the main vessels 
can be traced with any sort of continuity. 

From the dorsal aspect the most striking feature is the ap- 
parent failure of the medullary plate to close, a fact which was 
confirmed by microscopical examination, Caudad to the upper 
cervical region, and extending throughout the thoracic, 
lumbar and sacral regions, are two parallel rows of spinal 
ganglia on either side of the mid-sagittal plane, with discrete, 
scattered masses of nervous tissue between. Contrary to gross 
appearances, none of this tissue is naked, but all of it is cov- 
ered by loose cellular tissue, undifferentiated and of irregular 
thickness. There is no trace of closure to form a cord. In the 
cephalic region as far back as the level of the eyes, closure 
seems to have taken place, and sections prove this to be the 
case, as the macerated remains of two cerebral hemispheres 
and a brain stem, covered with the same loose cellular tissue, 
are to be made out. The whole region, however, presents an 
irregular, bulging appearance indicative of an embryonic en- 
cephalocele. Meninges could not be found for the brain or 
other tissue of the central nervous system. In the region of 
the vertex there is a breach of continuity in the cranial vault, 
giving rise to an opening into the cranial cavity. This open- 
ing, upon a study of the sections, appears to be traumatic or 
the result of sloughing. 

Twelve ribs and 30 vertebre could be counted in sections, 
the latter with difficulty, owing to the fusion and twisting 
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of various centra. As determined from the sections, the ver- 
tebral axis shows the following points of interest: In the upper 
two-thirds of the back there is a deep cuneiform cavity, and 
exactly corresponding to this region is a very pronounced 
lordosis of the column. The middle of this region of lordosis 
marks’a pivot point about which the posterior half of the 
vertebral column is twisted sharply to the right. In this way 
the ribs on the right side and the spinal ganglia are crowded 
together and appear in successive sections at the bottom of the 
depression. ‘They are covered with loose cellular tissue. The 
cavity is due to the lordosis. In the region of the symmetrical 
depressions there is likewise a lordosis, and between these and 
the cavity the column is bent in the opposite sense—j. e., there 
is a slight kyphosis. The vertebre show little or no evidence 
of neural processes, and of course no membrana reuniens. 
Technically speaking, therefore, we have an embryonic rachis- 
chisis and partial amyelia. Owing to the maceration and poor 
staining, the details of the chondrocranium could not be made 
out. 

If due allowance is made for the extensive maceration, 
most of which probably occurred in utero after the death of the 
embryo, we are perhaps justified in asserting that the chief 
point of pathological attack lay in the axial skeleton and 
central nervous system below the brain. At any rate, it is here 
that we find its most important results. There is some stunt- 
ing of the arms and legs, but not sufficient to be of any great 
significance, except that, had the viscera been early and 
seriously attacked, it is difficult to see why greater nutritional 
damage did not effect the extremities ; for in spite of the fact 
that its aliment is furnished by the mother, the embryo must 
of necessity possess a correlated metabolism of its own. There 
is nothing to indicate that the viscera did not develop in a 
fairly normal way; at least the state of maceration does not 
suggest the contrary. 
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BOOKS RECEIVED 


From the menstrual histories found among the records of 
the Carnegie Collection of embryos, it is more than probable 
that most of the pathological specimens are aborted within the 
first half of pregnancy, and, therefore, particularly if very 
young, their significance frequently escapes the notice of the 
practitioner. It follows that, in those cases in which the 
pathological involvement is not sufficient to cause the death 
and expulsion of the embryo, the latter will survive until the 
term or near term, and it is upon this limited group that the 
popular idea of the frequency of monsters is based. In the 
“Manual of Human Embryology,” Dr. Mall has tabulated 
the comparative frequency of various types of monster forma- 
tion at term and in aborted material, and finds a close parallel- 
ism between the two. The percentage of frequency of spina 
bifida is greater in the embryo, however, than at birth, indi- 
cating that the mortality is greatest in this variety of monster. 
A more careful examination of abortion material in the future 
will probably reveal numerous specimens like the one here 
reported. 

That the cause of such conditions exists early in pregnancy 
is splendidly shown in the specimen above described. As 
pointed out by Dr. Mall, the popular conception that mechani- 
cal influences have an important bearing upon the formation 
of monsters has been overthrown by recent chemical experi- 
ments. The specific action of dilute salt solutions upon am- 
phibian eggs, for instance, will produce spina bifida in a large 
proportion of the embryos. The trouble would seem to lie, 
therefore, not in the ovum itself, nor in the external mechani- 
cal influences acting upon it at a later date, such as amniotic 
bands which compress the umbilical cord, but rather in the 
impairment of nutrition associated with faulty implantation, 
or in the toxic influences arising from a diseased uterus. 
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Man alone among animals knows that he must die, and 
civilized man alone among the races of men. Yet we moderns, 
with all the discoveries of science, all the complexity of 
our social system and all the wonders of past history crowding 
thick upon us, certainly ponder far less than our forefathers 
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upon our inevitable end. With the men of the Middle Ages 
it was far otherwise. Their present world was a small thing 
compared to ours and but a vestibule of the life to come. Mors 
janua vite. It was upon the life after death that their 
thoughts were fixed and upon death as its portal. Death was 
their obsession, and there were whole classes of men whose 
current thoughts were of little but death and thereafter. 


THE MANUS MEDITATIONIS 


By CHARLES S1NGER, Oxford 


Every possible device was invoked to keep death ever before 
the mind. 

But the physician spends his life in a contest which he must 
always lose at last and for which life is the forfeit. He, at 
least, hardly needs to be reminded of the temporary character 
of this life. Yet not so, thought our ancestors. They did not 
hesitate to insert a memento mori even in a medical work. 

Among the means adopted to keep mortality before men’s 
eyes was the manus meditationis, a method of illustrating, 
by a tale of the fingers, the thinness of the partition that 
separates the living from the dead. The manus meditationis 
that we here reproduce was inserted by some fourteenth cen- 
tury scribe in a very valuable and interesting collection of 
illustrated medical tracts now in the Bodleian Library. The 
phrases are written along the five fingers of the hand, a phrase 
for each phalanx and a terminal one for the nail. The phrases 
form rough but not unmusical verse. 


TEXT 
MANwS MEDITACIONES (sic!) 


(1) Nescis quantum | Nescis quotiens | Quod deum offendisti 

(2) Finis tuus amarus est | Uita tua breuis est | Uenisti in hune 
mundum cum peccato | Quod status tuus est miserabilis 

(3) Nichil tecum afferes nisi quod fecisti | Uitam tuam non potes 
prolongare | Mortem non potes evadere | Quod morieris 

(4) Nescis quo deuenies | Nescis qualiter morieris | Nescis ubi 
morieris | Quod hora mortis incerta est 

(5) Cito obliuesceris | Quos relinquis parum facient pro te | Raro 
facient pro te | Quod post hanc uitam non est penetencia 
fructuosa 

Meditari debes. 


TRANSLATION 


In rendering a translation of this simple text we would call 
attention to the use of the word factent in line 5. Facere has 
sometimes in medieval Latin the special sense of “ to make a 
prayer,” “to say a mass,” or simply “to pray ”—Orare est 


laborare. 
Tue HAND oF MEDITATION 


(1) For that thou knowest not how greatly or how oft thou hast 
offended God, 

(2) For that thy end is bitter and thy life short, for that thou 
camest with sin into this world and thy condition is 
miserable, 

(3) For that thy deeds alone thou canst take with thee, for that 
thou canst nor prolong thy life nor escape death, for die 
thou must, 

(4) For that thou knowest not whither thou goest nor place nor 
time of thy death, for the hour of death is uncertain, 

(5) For that soon forgotten thou wilt be, for that it is but little 
and seldom that thy relicts will pray for thee, and for that 
after this life repentance availeth nought, 

Therefore meditate. 
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